I dentification and Authentication using Polyneric Liquid Crystal Materi al
Mar ki ngs Field of the Invention The present invention relates to a machi ne
r eadabl e wanrkiongsg7or the recognition, identification anecamrbenisssasi on of
i ndi vidual itens. The marking is made of liquid crystal material, which is
applied to a substrate by known variable information printing techniques.
The marking is detectable and/or identifiable by passive detecting neans,
e.g. optical filters under unpolarized (anbient) light, as well as by
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material, which is applied to a substrate by known variable

information printing techniques. The marking is detectable
10 and/or identifiable by passive detecting means, e.g. optical
filters under unpolarized (ambient) light, as well as by
illumination with polarized light. The marking is applied in
the form of indicia, such as a one- or two-dimensional bar
code, a matrix code, or the like.
15
Background of the Invention
“Track and Trace” systems are currently used in different
fields of industry. Many industries suffer from counterfeit or
diverted products, in particular in the field of mass-produced
20 items such as beverages, perfumes, pharmaceutical drugs,

cigarettes, CDs/DVDs, as well as other kind of consumables.

Counterfeiting and market diversion are facilitated if the
mass products are handled on a lot base, rather than on an
25 individual item base. Counterfeit or diverted products are in
such case easily introduced into the supply chain. Producers
and retailers would like to be in a position to distinguish
their original products from such counterfeit or diverted
(parallel imported) products at the level of the individual
30 unit which can be sold.
The underlying technical problem has been addressed in the art
through an individual marking of each sellable item introduced

into the supply chain. The markings of the prior art were



their original products fromsuch counterfeit or diverted (parallel

i nported) products at the level of the individual unit which can be sol d.
The underwgizog/tisgzbni cal probl em has been addressed in tPhe/ERet10obs0tigh an

i ndi vi dual marki ng of each sellable itemintroduced into the supply chain.
The markings of the prior art werechosen in such a way that they were not
susceptible to photocopying, i.e. preferably covert markings were used,
which are not visible t o the unaided eye o r the photocopying nachine . A
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authentication, depends on a detecting or reading device of
10 any kind, such as an optical filter or an electronic

authentication equipment.

An “Overt” marking, in the context of the present invention,
is any marking or security element, which, for authentication,
15 does not depend on a detecting or reading device; i.e. which

can be authenticated by the unaided eve.

“Color” in the context of the present invention is used to
designate any spectrally selective return of light
20 (electromagnetic radiation) from an illuminated object, be it
in the visible, the infrared or in the UV range of the
electromagnetic spectrum (i.e. in the whole wavelength range

from 200nm to 2500nm) .

25 The term “wisible” is used to indicate that a property can be
revealed by the unaided eye; “detectable” is wused for a
property that can be revealed by an optical instrument, though
not necessarily by the unaided eye, and “invisible” 1is used
for a property that cannot be detected by the unaided eye. In

30 particular, the term “visible color” means a spectrally
selective return of light in the wavelength range from 400nm

to 700nm, which is detectable by the unaided eye.



from 200nmto 2500nm) . The term"visible" is used to indicate that a
property can be reveal ed by the unai ded eye; "detectable" is used for a
property wbabiocass7de reveal ed by an optical instrunent, pChmPgdonNeis1s
necessarily by the unaided eye, and "invisible" is used for a property that
cannot be detected by the unaided eye. In particular, the term"visible
color" nmeans a spectrally selective return of light in the wavel ength range
from 400nmto 700nm which is detectable by the unaided eye.ln the context
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i nt er changs fd.rst type of individyal markings, useful to prevent
count erf% ?la?r?gﬂpéfl%\}éerl& oﬁa,r)éf)s g |esé{hg"s“ (?%E%n “US 5,569, 317, US 5,502,304, U S

5,542,971 and US 5,525, 798. According to these docunents, a bar code is

applied gnto.the item usipg an.ink which is not detectable under |ight of
t he visigﬁe:gb%%qru%¥3%009 00hRFWavEr@hgt AF T BUEIRNi cHSBEESned Vi ST15E Mhen

T umnated nMdArdiitghin@f dike AV shect £ umi(«200;:380nm wanel engeh) 317A sgeond
type of individual markings i s disclosed in US 5,611,958 and US
5, 766, 324., Aocot Ut ngUBo ot Rdse ddcurreht$s ar rePki/¥¢ - S &pptdeddohbotiese

conmer ci si ng [ 1 ' o le.n t Isible.
spectrum%{obu% e\c}}ﬁ:%h %aﬁgge Cgléte\éw(}tsgzaéﬁ%ggéhgﬁ}tﬁutn%%%aﬁﬂoér‘]lnwh?%ﬂi?g%b 5fnkt he
i nfrar edwspedt r um (800cEGRONMWaYelengtrh)Light of the visible spectrum
(400-700nm wavelength) but which becomes visible when
10 illuminated with 1light of the UV spectrum (200-380nm

wavelength) .

A second type of individual markings is disclosed in US
5,611,958 and US 5,766,324. According to these documents, a

15 marking is applied onto a commercial good, using an ink which
is not detectable in the visible spectrum, but which can be
detected through illumination with 1light of the infrared
spectrum (800-1600nm wavelength).

20 Yet another type of individual markings, applied through an
ink, 1s disclosed in US 5,360,628 and US 6,612,494, This
marking needs to be illuminated jointly with UV- and IR-light

to be revealed.

25 Still another type of individual marking relies on inks
comprising up-converting phosphors such as described in US

5,698,397.

All of the markings mentioned in the cited prior art are
30 covert markings, which are completely invisible to the unaided
human eye. The reading of such covert markings depends on a
corresponding detecting or reading device, able to detect or

read the marking. This can be a disadvantage at the retail



Yet anot her type of individual markings, applied through an ink, is
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10 and the liguid crystal security devices (idem, chapter 14).

Particularly useful as security devices are the cholesteric
liquid <crystals. When illuminated with white light, the
cholesteric 1ligquid crystal structure reflects 1light of a
15 determined color, which depends on the material in question
and generally varies with the angle of observation and the
device temperature. The cholesteric material itself is
colorless and the observed color is only due to a physical
reflection effect at the cholesteric helical structure adopted
20 at a given temperature by the liquid crystal material. (cf.
J.L Fergason, Molecular Crystals, Vol. 1, pp. 293-307 (1966)).
In particular liquid crystal materials, the cholesteric liquid
crystal polymers (CLCPs), the cholesteric helical structure is
“frozen” in a determined state through polymerization, and

25 thus rendered temperature-independent.

If the cholesteric liquid crystal material is applied on a
dark or Dblack background, its reflection color is highly
apparent to the unaided eye, because the light transmitted by
30 the cholesteric material 1is largely absorbed by the
background, so that the residual backscattering from the
background does not disturb the perception of the cholesteric

material’s own reflection. A careful choice of the background



and generally varies with the angle of observation and the device
tenperature. The cholesteric material itself is colorless and the observed
col or is wolioduss7wo a physical reflection effect at thecthrb@snsssis
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material. (cf. J .L Fergason, Ml ecular Crystals, Vol. 1, pp. 293-307
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filter be identified with the help of a circllar polarization filte
10 because it selectively reflects only one of the two possible
circular polarized light components, in accordance with its

chiral helical structure.

EP-B1-1 381 520 and EP-Al-1 681 586 refer to a birefringent
15 marking and a method of applying the same in the form of a
liquid crystal layer having a non-uniform pattern of regions
of different thickness. The applied liguid crystal coating or
layer may provide for a hidden image on a reflective
substrate, which is invisible when viewed under unpolarized
20 light but rendered visible under polarized light or with the

help of a polarization filter.

UsS 5,678,863 refers to means for the identification of
documents of wvalue which include a paper or polymer region,
25 said region having a transparent and translucent
characteristic. A liquid crystal material is applied to the
region to produce an optical effect, which differs when viewed
in transmitted and reflected 1light. The liquid <crystal
material is in liguid form at room temperature and must be
30 enclosed in a containing means such as microcapsules, in order
to be used in a printing process such as gravure, roller,
spray or ink-jet printing. The printed liquid crystal region

can be in the form of a pattern, for example a bar code. The



because it selectively reflects only one of the two possible circular
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printing inks can be used to produce markings and security
10 inscriptions which are invisible to the human eye. The
markings can be detected by their circular polarization or

their angle dependent reflection color.

US 6,899,824 refers to a process for printing or coating a
15 substrate with a multilayer of a liquid-crystalline
composition and at least one non-liquid-crystalline coating.
The process and the printed substrate are useful for producing
a counterfeit-proof marking of articles. Preferred methods for
applying such printing or coating are screen printing,

20 planographic printing, flexograhic, and letterpress printing.

None of the markings disclosed in the prior art does, however,
provide a solution to the technical problem underlying “track
& trace” applications, wherein, in addition to a machine-
25 readable individual coding of items with a counterfeit-
resistant security marking, an easy authentication of the

marking by the unaided eye is required.

“Track & Trace” applications are known in the art for e.g.,
30 postal services, wherein each mail piece 1is individually
marked and followed throughout its delivery chain. BRarcodes,
such as 1D-barcodes, stacked 1D-barcodes, 2D-barcodes or

matrix-codes, are most often used as the marking and



US 5,798, 147 refers to coating conpositions of polynerizable Iiquid crystal
nononmer s whi ch can be applied by conventional printing processes, such a s
| ett er prewe,2orootisgypavur e, fl exographic, offset, screen, pam@ErPeekAOFeIS
printing. The printing inks can be used to produce markings and security
inscriptions which are invisible to the human eye. The marki ngs can be
detected b y their circular polarization or their angle dependent
reflection color. US 6,899,824 refers to a process for printing or coating
a subst r atEeniitH R that iNe@fer- of a |iquid-crystalline conposition and at

| east one non-liquid-crystalline coating. The process and the printed
substrate are useful for producing a counterfeit-proof marking of articles.
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10 Authentication aspects are, however, of crucial importance in
retail applications, where there 1s a potential risk of
substitution of the original goods by counterfeit or diverted
ones. For this reason, “Track & Trace” applications in this
field must be combined with at least one security element,

15 able to certify the authenticity of the marked good as an

original one.

In the following, “Secure Track & Trace” means the combination
of a “Track & Trace” application, which allows for the
20 identification of an 1individual item, with at least one
security element, which additionally allows for the

authentication of the said item as being genuine.

Technical problem

25 For “Secure Track & Trace” applications, where a good in open
circulation must be marked individually as to its authenticity
and identity, and followed throughout its life cycle or for a
specific period of time, e.g. for liability reasons, there is
a need for a marking which is i) uniquely coded, so as to be

30 identifiable i1i) machine-readable, 1ii) copy (counterfeit)
resistant, iv) authenticate-able by eye by a human user, and
v) authenticate-able by a machine. For particular applications

it 1s furthermore desirable that part of the marking is



such a s | D-barcodes, stacked |ID-barcodes, 2D barcodes or matrix-codes, are
nost often used as the marki ng andi dentification nmeans. No particul ar
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mar ki ngs, given that the mail piece is handled service-internally by the
mai | i ng conpany throughout the entire delivery chain, so that no
authentication is needed. Postal "Track & Trace" applications are nerely
focused on the identification of the mail piece. Authentication aspects
are, however sigflecrigeitdle ivRsortcghdeman eétsai | appl i cations, where there is
a potential risk of substitution of the original goods by counterfeit or
diverted ones. For this reason, "Track & Trace" applications in this field
nmust be conmbined with at | east one security elenment, able to certify the

authenticgjty of t rked ad as an original one. In the foll ow ng,
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as well as its authentication by the human eye. The marking is
10 produced on a substrate by a variable information printing
process in the form of indicia representing a unigue code,
which allows for its identification. The marking is further

preferably laid out such that part of it is invisible to the

unaided human eve.

15
The marking of the present invention is applied on items or
articles such as wvalue documents, banknotes, passports,
identity documents, driving licenses, official permissions,
access documents, stamps, tax stamps and banderoles,
20 transportation tickets, event tickets, labels, foils,

packaging, spare parts, and consumer goods, which thus carry
the marking, either directly - applied to their surface - or

indirectly - applied to a label applied to their surface.

25 The polymeric liquid crystal material is preferably of the
cholesteric (i.e. twisted nematic) type; for certain
applications, nematic (birefringent) liquid crystal material

may also be used.

30 The polymeric liguid crystal material of the marking can
either be present as a liquid crystal material polymerized on
the surface of a substrate, or alternatively consist of

pigment flakes of a liquid crystal polymer, comprised in a



specific period of tine, e.g. for liability reasons, there is a need for a
marking which is i ) uniquely coded, so as to be identifiable ii)
machi ne- readatw|assmi i) copy (counterfeit) resistant, ivpCamPh@osssat e-abl e
by eye by a human user, and v ) authenticate-able by a machi ne. For
particular applications it is furthernore desirable that part of the
marking isinvisible to the unai ded human eye. Sunmary of the Invention The
mar ki ng of the present invention, for the secure tracking or tracing of an
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determ ned optical characteristics, which allow for its authentication and
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transportation tickets, event tickets, |abels, foils, packaging, spare

parts, and consuner goods, which thus carry the marking, either directly -
applied to their_surface - or . , .
The polymeric liquid crystal material of the marking
10 preferably comprises further security materials, which are
present to increase its resistance towards counterfeiting.
These security materials are selected from the group
consisting of the inorganic luminescent compounds, the organic

luminescent compounds, the IR-absorbers, the magnetic

15 materials, the forensic markers, and combinations thereof.

Said security material can be present as a mere admixture, or,
according to the nature of the security material, also as a
co-polymerized component of the liquid crystal pigment, of the
20 liguid crystal precursor composition, or of the ink binder. In
particular, organic security materials comprising an acrylic
or vinylic functionality are easily co-polymerized into a
corresponding main polymer. Alternatively, the security
material may be grafted, i.e. chemically linked, onto a pre-

25 existing polymer chain.

The substrate, representing the background on which the ligquid
crystal material is applied, can be of any color; a white
background being a preferred option for realizing a marking
30 which is invisible to the unaided eye in the sense that no
visible color is observed. A metallic reflecting background is
a further preferred option, in particular in the case of a

nematic (birefringent) liquid crystal material. The substrate



indirectly - applied to a |abel applied to their surface. The polyneric
liquid crystal naterial is preferably of the cholesteric (i.e. tw sted
nemat i c) wopelo/fiss7ocertai n applications, nematic (birefPcmgeatip/obisqui d
crystal material may al so be used. The polyneric liquid crystal material of
the marking can either be present as a liquid crystal material polynerized
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10 and an angle-dependent color change by the unaided eye.

Said substrate is thus preferably a patterned substrate,
comprising at least two differently colored surface areas,
each selected from the group of white surface areas, Dblack
15 surface areas, visibly colored surface areas, reflecting
surface areas, transparent surface areas and combinations
thereof. It is thus evident to the skilled in the art that the
substrate surface carrying the liquid crystal material can
have two or more colored areas underneath the liquid crystal

20 material.

The substrate surface, on which the liguid crystal material is
applied, can furthermore carry indicia, which may be of any
form or color, such as a pattern, an image, a logo, a text, a
25 1D- or 2D-barcode or a matrix code, etc. The said indicia can

be applied by any method of printing or coating.

The substrate can furthermore carry at least one security
element selected from the group of inorganic luminescent
30 compounds, organic luminescent compounds, IR-absorbers,
magnetic materials, and forensic markers or combinations
thereof. The security element can be present in the form of

indicia on the substrate surface or be incorporated (embedded)

10



liquid crystal precursor conposition, or of the ink binder. In particular,
organic security materials conprising an acrylic or vinylic functionality
are easi lwocotopabsroeri zed into a correspondi ng nai n pol PoeEP20bessnat | vel y,
the security material may be grafted, i.e. chemcally linked, onto a
preexi sting pol yner chain. The substrate, representing the background on
which the liquid crystal material is applied, can be of any color; a white
background being a preferred option for realizing a marking which is

i nvi si bl €1t FehesUhsdiTded ayEShi the sense that no visible color is
observed. A netallic reflecting background is a further preferred option,
in particular in the case of a nematic (birefringent) liquid crystal

mat er i al .ThEhecslubstriat enayuic genetal baeesehéctiedpiedrrbbé ygpogsent in

consisting of reflecting.suhstrates, colored substrates, and transparent
Substrat 608 Eof Merdbl 1 NG L8 aayt Gk FORC T CREEn By & K- uSee Lo trrg

pref ery ed dhati At skeasdhpardt  @f-ohher hackgieundeofp whi chg t he diinGuisd Hsrayst al
material is applied has a contrasting color, such as red, green, blue or
bl ack, whitétekach dobineasionadi.t h age |4-guimeredystadl  madkdastss -al 1Cows ang:

et ceLve B AL 860k 9800, 3, anaLe Nepandetheal of, ChapasDY, Iy g
| east two Widdrertentd iy dbaoresd sny'f ackel e east e eashi sehected. f r amouhg IgBOUP
of white surface areas, black
1 85802 917 1)
10
The ligquid crystal marking of the present invention is
preferably produced by applying a liquid crystal precursor
composition to a substrate and hardening the composition in
the ordered liquid crystal state. The said precursor
15 composition comprises reactive monomers or oligomers of at
least one nematic liquid crystal compound. The reactive
monomers or oligomers are preferably UV-cure-able; in this
case the applied composition is UV-cured and also comprises a
photoinitiator system, as known to the skilled person.
20
The ordered liquid crystal state depends upon the presence of
a chiral dopant. Nematic liguid crystals without chiral dopant
arrange in a molecular texture which is characterized by its

birefringence. Nematic precursors are known from EP-A-0 216

25 712, EP-B-0 847 432, and US-B-6,589,445.

For producing a cholesteric (i.e. twisted nematic) ligquid
crystal polymer, the said precursor composition must also
comprise a chiral dopant. Said dopant may be chosen from the
30 derivatives of isosorbides and isomannides and mixtures
thereof according to general formula (I) described below.
Isosorbides are known to induce a right helical twist, whereas

isomannides are known to induce a left helical twist.

11



surface areas, visibly colored surface areas, reflecting surface areas,

transparent surface areas and conbi nations thereof. It is thus evident to

t he skil lwo 20ro/tibsgoart that the substrate surface carryipog/EP2@olos4pus d

crystal material can have two or nore col ored areas underneath the liquid

crystal material. The substrate surface, on which the liquid crystal
material is applied, can furthernore carry indicia, which my be of any
formor color, such as a pattern, an image, a logo, a text, a ID or
2D-barcode or a matrix code, etc. The said indicia can be applied by any

met hod ofs prd g&?dgﬁ%@ﬁﬁ?@&%gga Eg‘ii%‘éliﬂsr%tgf%ff‘r‘it{‘ﬁé”}?%ﬁafﬁi‘rcrii ilgast

one security nt selected fromthe group i norgani c 'um nesce

conpounds;r s gahi ¢ dmp med ¢ enth scompoands,ed Reabsohlkeris;a haghetdlc oat ehieal s,

and forensic markers or

co
present iH e Por FAIFCFRIGA the Ldbs

(enbedded)dm dfa subsit at get b sl hea Theapeh R, | | G cryséal BBt erdinal
preferably present in the formof indicia, such a s a text or a code.
Pref err ed inedl# €PA Clr e Ehodé Trone ke grobprconpfi siAgll- demerndi omdlgle-

st acked 1-di i,onal; an -di mensi.o es.. rr b .
synbol ogi]dee e@\%}%eghla?sc %lsfgdd' bgﬁﬁo%fﬁgﬁ ?ﬁggﬂljndg?é aﬁcréllgﬁge%terlc
Bar codi ng'iguili rariyatet natiiconad Ltd. i 200421 5BN01a858@2 919idhgr left-

handed or right-handed), according to the rotation sense of

10 the cholesteric helical twist.

The marking of the present invention 1s obtainable as
described in claim 1. In one exemplary embodiment, the liquid
crystal precursor composition is first applied to a substrate.
15 The second step involves heating the liquid crystal precursor
composition applied onto the substrate to both, evaporate the
solvent and promote the desired 1liquid crystal state. The
third step involves hardening the said composition on the
substrate in the desired liquid crystal state. However, the
20 skilled artisan will appreciate that the above-mentioned
sequence may be modified in any way as will be described

further below.

The temperature used to evaporate the solvent and to promote
25 the liquid crystal state depends on the liquid crystal monomer
composition. According to the present invention, the
temperature 1s chosen preferably between 55°C and 150°C and
more preferably between 55°C and 100°C, most preferably
between 60°C and 100°C. The hardening is preferably performed
30 by subjecting the applied composition to irradiation with UV-
light, which induces a polymerization of the reactive monomers
or oligomers to form a liquid crystal polymer. The molecular

ordering of the liquid crystal is thereby retained, i.e. the

12
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The liquid crystal marking o f the present invention i s preferably
produced by applying a liquid crystal precursor conposition to a substrate
and har dewprgiorthss7eonposition in the ordered |iquid cryeCcalEpstiansssiThe sai d
precursor conposition conprises reactive nononers or oligoners of at | east
one nematic |liquid crystal compound. The reactive nononers or oligoners are
preferably UV-cure-able; in this case the applied conposition is UV-cured
and al so conprises a photoinitiator system as known to the skilled person.
The ordereddbiguidr cHystadt ot bt et oepehdsi apbnxeHelpr E86ne&asr &hdkity &as

dopant . d&e 1 Lyl d cryst al 5, wht heyt, chi ¢l g%oa%%s.@rr@@gecﬂo%eeasteric
nol ecul ar texture ich is characterized by 1ts birefringence. mati c
pr ecur sorlsicariel knoywtdr omeERPrAaQ, 21667 12¢ 1 EPaB- ©184'h ,432,d amelr §8i Bh6,che89,

445 . For pr.oducing a chaolesteric (i.e. twisted nematic) liquid crystal
Dol yirer . TG G5 d PpPBEArSEr cofBiG8i t Fon HiSt 5T GhoCoNpHI S& P chiTdl | dofant
Sai d dppamg1mshe chesen diramdhe tdefdnatd wes: 0 i despsor bi des and .
i somanni des and m xtures thereof according to general formula (lI) described

bel ow. | Sg50F bEdes i edkAewt tofi fidifcee BepRGHt heveeadlliami 58, awicr eksng

| Somanni %Sco%fa%ng‘.o‘% t%h‘e”dEfl%e%tH%R.t pel | C?‘Ill t st - Sald dopant, | ”ds‘é%gf a

helical structure in the nematic 't quid crystal conpound, characterized by

a hel i calmgpikicly ototnheiendegr ©fl¢hernavealiengtch ofyeiaibleatéghdl Iheadimg to

light ref]ection at determ ned mavelengths, and hence to the ,
determined optical <characteristics wherein said polymeric

10 liquid crystal material produced on the substrate is obtained
with a <c¢hiral dopant according to general formula (I)
disclosed below.

A method for marking an item or article comprises thus the
steps of providing a suitable item or article to be marked,

15 and applying at least one polymeric ligquid crystal material in
the form of indicia representing a unigue code by a wvariable
information printing process onto the said item or article. In
particular, the unique code represented by the said indicia

may be encrypted information, and the method may comprise the

20 step of encrypting the said information.

The said liquid crystal precursor composition can be applied
to a substrate by any coating or printing technique.
Preferably the composition is applied by a variable
25 information printing process, such as laser printing or ink-
jet printing of the continuous or of the drop-on-demand type.
Said variable information printing method allows for the

unique coding of the marking for each printed item.

30 For application by ink-jet printing, the composition also
comprises an organic solvent, in order to adjust the viscosity
value of the composition to be compatible with the chosen

printing process, as known to the skilled person.
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appearance of interference color, as well as of angl edependent color shift.
The reflected light fromcholesteric liquid crystal phases is circularly
pol ari zedwOentamassbef t handed or ri ght-handed) , accordi rRgTIEP2010@5450% at i on
sense of the cholesteric helical twist. The marking o f the present
invention is obtainable as described in claiml1l . In one exenplary

enbodi nent, the liquid crystal precursor conpositionis first applied to a
substrate. The second step involves heating the liquid crystal precursor
conposi tion applied onto the substrate to both, evaporate the sol vent and

promot e the, desiped d Lauldycryst aly st ate, o The &Wg L e duntalyes nardeni ng
the said conposition on the s strate in the desir cry ‘al state.
However , ddwecskiitdiloed a&Bbsamnvpﬁﬂseagppaecacat@d:ba’ugth@ealtuovesa]ianlj onéd ch

sequence may he no ied in any way as Wl | ed f ther bel ow. The
Cerper ot GHE gt 1o ot at Eh% hECLBr Seht CBndSPY. pEUbt SOPRETT LG G50 Yot Al
st at e Flependsc &4 hes! ltﬁ@kﬁu@a\@@éqﬁ?ﬁ@rﬂ@ﬁtc%@o@ﬁé OpriAeenrding d o he

present invention, the tenperature is chosen preferably between 55C and 150

C and noreé ﬁﬁéﬂ@?éﬁ1yﬂb%ﬁwﬁkﬁiQQxEQﬁﬁwnloo C, nost preferably between 60 C
and 100 C . The hardening is preferably perforned by subjecting the applied
conposition to irradiation with UV ight, which induces a polynerization of
t he reactlihe dmmeErnsSion according to the invention comprises a

photoinitiator which must be soluble in the composition used.

10 For example of photoinitiator it can be used a-Hydroxyketone
such as l1-Hydroxy-cyclohexyl-phenyl-ketone, a mixture (1:1)1-
Hydroxy-cyclohexyl-phenyl-ketone: benzophenone , 2-Hydroxy-2-
methyl-1-phenyl-1l-propanone or Z2-Hydroxy-1-[4-(2-
hydroxyethoxy)phenyl]-2-methyl-1-propanone, Phenylglyoxylate

15 such as methylbenzoylformate or a mixture of oxy-phenyl-acetic
acid 2-[2 oxo-2 phenyl-acetoxy-ethoxy]-ethyl ester and oxy-
phenyl-acetic 2-[2-hydroxy-ethoxy]-ethyl ester, Benzyldimethyl
ketal such as Alpha, alpha-dimethoxy-alpha-phenylacetophenone,
a-Aminoketone such as 2-Benzyl-2-(dimethylamino)-1-[4-(4-

20 morpholinyl) phenyl]-l-butanone, 2-Methyl-1-[4- (methylthio)
phenyl]-2-(4-morpholinyl)-1-propanone, Phosphine oxide
derivatives such as Diphenyl (2,4,6-trimethylbenzoyl)-
phosphine oxide or Phosphine oxide, phenyl bis (2,4, 6-
trimethylbenzoyl) supplied by Ciba, and also thioxanthone

25 derivatives such as Speedcure ITX (CAS 142770-42-1), Speedcure
DETX (CAS 82799-44-8), Speedcure CPTX (CAS 5495-84-1-2 or CAS
83846-86-0) supplied by Lambson.

The composition according to the invention could also comprise
30 a silane derivative which must be soluble in the composition
used. For example of silane derivatives it can be used
vinylsilane derivatives such as vinyltriethoxysilane,

vinyltrimethoxysilane, vinyltris(2-methoxyethoxy)silane, 3-
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or oligoners to forma liquid crystal polymer. The nol ecul ar ordering of
the liquid crystal is thereby retained, i.e. thenematic or cholesteric
texture iwof2owedss7a t he state which was present during trhe/EPeeladsesis on. | n
the case of cholesteric liquid crystal material, the helical pitch, and
herewith the optical properties, such as the reflection color and the

angl e- dependent col or shift remain thus fixed. Another enbodi nent of the
present invention is a marking according to the invention for an item or

articl e, Medilg Srarliane oot ssineg- sol vyt k2 ¢ quid tarystis t ek 88 + AR NRavimng
det er m ned I risti. r.ei ai |y I I qui t
nateriaI%gE%gﬁggghéﬁggﬁgﬁ§ﬁbs?%égzhﬁg§ggggpﬁedgﬁpgh a %%§¥%%gd§%a%%%ﬁr@
accor di ngupp lgeneriral HuammKd.a (1) di scl osed bel ow. A nethod for marking an
itemor article conprises thus the steps of providing a suitable itemor
article to be marked, and applying at |east one polyneric |liquid crystal

materigal i dhe-for m ehel RAitGIR) I £PF €88RLEAE 1 BaRhGUR LOdERY 0@ Valdiahle
information printing process onto the said itemor article. In particular,
the uni qWea €686 T@predent &d 1y ke safd nNhdFei a Ty berepenypt égivention

!nfornaihﬁghp @%s}hﬁﬁﬂ$FQQQﬁﬂPycﬁanﬂiS §J¥id§h %Llquk%Ptkﬂg Eﬂﬁjﬁ kg
i nf or mation. e sai i quid crystal "precursor conposition can be applied
to a substaratye rly yaanyackatgngpacdrqimnat ithg teehnpgaeen Pr efrereabd yort he b)
CorrpOSitii%qumsinzpcr)ilrjgedthbey n?arv]?lrr{c?béne said item or article with at least
10 one guality of 1light from at least one 1light source, <)
detecting the said marking’s optical characteristics through
the sensing of 1light reflected by the marking, d) determining
the item’s or article’s authenticity from the detected optical
characteristics of the marking.
15
The marking of the present invention can be authenticated
according to a first method by simple wvisual inspection under
ambient 1light. To this aim, the background, on which the
ligquid crystal material is applied, must provide sufficient
20 optical contrast, so as to allow the human observer to
perceive the reflected color and the color shift of the liquid

crystal material. Depending on the background, part of the

marking may remain virtually invisible to the unaided eye.

25 In a second method, the marking is authenticated under ambient
light with the help of a passive detecting means such as an
optical filter. A preferred such passive detecting means 1is a
left-handed or a right-handed circular polarizing filter, or a
juxtaposition of both. This allows determining the rotation

30 sense of the helical pitch of the cholesteric liquid crystal
material by determining the polarization state of the light
reflected by the said material. Optionally, the polarization

filter can be combined with color filters, in order to reduce

15



information printing process, such as |aser printing or inkjet printing of
the continuous or of the drop-on-denmand type. Said variable information
printing wethodiisd7bows for the unique codi ng of the marecmErRaw/oeseh
printed item For application b y ink-jet printing, the conposition also
conprises an organic solvent, in order to adjust the viscosity value of the
conposition to be conpatible with the chosen printing process, as known to

the skilled person. For application b y continuous ink-jet printing, the
conposi t iTF dARCeomprPaeswadebndactingg sagetitr Y isaltfleCwhPehPATSE Obe the
soluble iin th chpg Lti;0 - Such n .ng e [ e
technicmﬂaﬁﬁggrene %E%#'?ﬁ?gggﬁéiinagg%gggégg éggk%%%#%%lgggggﬁ??ng
per son. Theitodipasidnsan Hoecer dilrtegn t ontheoptnivent | dilcenprmsesb& used in
phot oi niti at.or which nust be soluble in the conposition used. For exanple
of phot oiFA P&t 9" can be used a- Hydr oxyket one such as

1- Hydrpxy-cycl ohexyl - phenyl - ket one, a m xture (1:1)1-

Hydr oxy- cycl ohexyl - phenyl - ket one : benzophenone , 2-Hydroxy-2-

met hyl - 1-lphenytihir¢privpanode dhe2mpydiowy-is JuU-hqptigydedxyethoxpe piedmyl

]-2-methyl-1-. 9Eﬂ9 2pyl.gl | at e t b : rpate or a
m xture 5?56§§{p en§P§%%eP?g¥gc%é%§¥ ?%fgigﬁg'%%%%§I$%%e§§§§¥g%ﬁ§Xy g-‘-1:‘]'tthyl
ester andoaxyphemte aceii€ 2ry§ahydaoxy: el hoxy]ecethyl féstrently light
Benzyl di et h ketal such as

yl, Al pha , , .
alpha-diﬁﬁ%h8k§£§F%ﬂ5-ﬁﬁ@ﬁ?ﬂéﬁétBBR@ﬁéﬁ@FlQDAnﬂﬁﬁwgfOW§t§ﬁ&ﬁl§S ?ﬁBéﬁ%§1-2-
(di mefgylam nek -1igh#- Kérical pitch can be distinguished by their

respective response to circularly polarized light. The
illumination of the marking by the polarized light source, as
well as the observation of the reflected light from the
marking, may optionally be performed through a color filter.
15 More than one polarized 1light sources may be used 1in

conjunction.

In a fourth method, the marking is authenticated with the help
of an electro-optical authentication device. In a first
20 embodiment, said device comprises at least one photocell, in
combination with a circular polarization filter and/or with a
circular polarized light source. In another embodiment said
device comprises an electro-optic camera, such as a linear CCD
sensor array, a 2-dimensional CCD image sensor array, a linear
25 CMOS image sensor array, or a 2-dimensional CMOS image sensor
array, 1n combination with a circular polarization filter

and/or with a circular polarized light source.

Optionally, the circular polarization filter or the circular
30 polarized light source in the above embodiments can be
combined with color filters, to select a particular spectral
domain and to enhance the contrast ratio of the light

reflected from the 1liquid crystal material to the 1light
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mor phol i nyl ) phenyl] -1-butanone, 2-Methyl-I1- [4- (nethylthio) phenyl ]-2-
(4-morpholinyl) -1-propanone, Phosphi ne oxi de derivatives such as D phenyl
(2, 4 , owonrometibg/bbenzoyl) - phosphi ne oxi de or Phosphipng/Erzéides4sphenyl
bis (2,4,6- trimethyl benzoyl) supplied by C ba, and al so thi oxant hone
derivatives such as Speedcure | TX (CAS 142770-42-1), Speedcure DETX (CAS
82799-44-8), Speedcure CPTX (CAS 5495-84-1-2 or CAS 83846-86-0) supplied by
Lanbson. The conposition according to the invention could also conprise a
si | ane derdi&atesl iliceh Thssases@iuisi-e in the conposition used. For
exanple o f silane derivatives it can b e used vinylsilane derivatives such
as vinyltriethoxysilane, vinyltrinmethoxysilane, vinyltris (2-nethoxyethoxy)
si |l ane, 3Hvet hacrod bxyprapyd tizrethonxysillames Octryl fenetthokysi ladneo obe

3-d ycidyl oxypropyl triethoxysilane.fromDynasylan (r).famly supplied by
Bvon k. T RRGRIEY { A FRERE O GF Labt R ST ripTare Tt bolor SHET ey o
carrying ia ki feoa dng, te 0yt herphesent obnyentignpagonManisses 1the steps

of a ) providing an itemor article carrying a marking according to the
present iSRdemEtoAneh 9T i Fhanmotdis hgCtHe tner ki PgLen iva dipnemtart arbicke

W th atléﬁﬁ¥r§T§ﬁHH%J-%%d%ﬁgiéyﬂtg<§n1at | east one light source, c )

detecting e sai d marking optical ‘characteristics through the sensing
of light reflected by the marking, d ) determning the items or article's
authenticity fromthe detected optical o
In "all cases of cholesteric 1liguid crystal materials, the
10 marking of the present invention is authenticated by verifying
one or more of its characteristic properties, namely the
circular polarization state and/or the viewing-angle dependent
color of the reflected light from the marking. The polarized
light source or the polarized light detection equipment or
15 both may be chosen to operate in the visible, the infrared, or
the UV region of the electromagnetic spectrum, or in a

combination of these, according to the optical characteristics

of the marking.

20 The marking of the present invention can be identified by
reading the indicia it represents and by subseguently
correlating the information so retrieved from the marking with
information stored in a data base. In a particular embodiment,
the information represented by the indicia of the marking is

25 encrypted, and said identification comprises the step of
decrypting said information. Preferably, the indicia are read
by an electro-optic camera, such as a CCD- or a CMOS-image

Sensor array.

30 In general, the method for identifying an item or article
carrying a marking according to the ©present invention
comprises the steps of a) providing an item or article

carrying a marking according to the present invention, D)
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characteristics of the marking. The marking of the present invention can be
aut henticated according to a first nethod by sinple visual inspection under
anbi ent |wghwio/1iss7vhi s ai m the background, on whi ch theciriegeeid/osssyst al
material is applied, nmust provide sufficient optical contrast, so as to

al l ow the human observer to perceive the reflected color and the col or
shift of the liquid crystal material. Depending on the background, part of
t he narkl may remain virtually invisible to the unaided eye. In a second
met hod, Uielrlé thig g stReutienlt i et e %ﬁﬁ@rl’éﬁﬁl et aFFgRt ewrt it Ré HEelggtof a

passi ve %%gcﬁb%gl {@9” fgu}E' ﬁg_sc ap,gptigcal 1t 'é@ran'% Pl & P%Er sdcféftcé‘,. passive

detecting neans is a d or a rlght “Handed i rcu ol ari zing
filter, aewﬂmmamB|Mmhmhbmmmd%mumlmm wmfmmmm@qummmﬂmm

sense of t he heli itch of the cholesteric I ui.d crystal . erlal b
ot o i AP B o T S ot She PPERE bt et BhCpy or!

mat er il re(a&tlle%ai | ¥rohhe ol arizatizono ki lier %@k@ﬁgcqm}meqn\wﬂm&ql&f
filters, in order to reducethe spectral bandwi dth to the spectra
refl ecti sbasd op tdﬁedlathQﬁ%@rysteél PREiErg & fHered it reducenial

backgrourgqmc%r}gn gyt y N?re th %€¥gi%§ﬁ|&éﬁ wifdJ ter may be used in

conj unction . I s aut'’henticated with the help
of circular polarlzed Ilght fron1at | east one polarized |ight source. The
l'iquid cr%st material reflects differently Iight
identification of an item or article carrying a marking
10 according to the present invention can be performed with the
same reading equipment configuration or assembly which is used

for the authentication.

In a first embodiment the said indicia are represented by a 1-
15 dimensional or a 2-dimensional barcode, and the image
retrieved by the electro-optic camera in digital form 1is
analyzed using a corresponding algorithm. The information
contained in the barcode is retrieved, 1if necessary,
decrypted, and compared with information stored in a data
20 base, hereby identifying the item, and optionally updating the
data base with supplementary information, e.g. about the
item’s history. The camera may be part of a reading device
equipped with own communication capabilities, or part of a
communication device, such as a mobile phone, the retrieval of
25 the information taking place using the mobile phone’s internal
resources. The data base may be either located in the
communication device (built-in or exchangeable memory), or on

an external server reached via a communication network.

30 In a second embodiment the said indicia are represented by an
alphanumeric code, and the image retrieved by the electro-
optic camera (reading device) 1in digital form is analyzed

using a corresponding optical character recognition (OCR)
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of different circular polarization; hence materials of left and of right
helical pitch can be distinguished by their respective response to

ci rcul ar lwopolensged |ight. The illum nation of the marlpCmEPRy10bes15

pol ari zed |ight source, as well a s the observation of the reflected |ight
fromthe marking, nmay optionally be perfornmed through a color filter. Mre
than one pol arized light sources may be used in conjunction . In a fourth
met hod, the marking is authenticated with the help o f an el ectro-optical
aut hent i catdon: devi cBe| AnacEMpEe c@nseditraitcd st dtfeveeee coaprrsés cared

| east ong, Oé&ﬁ;?ék g %iﬁ%ﬁf‘&k@gt#&h & siggulgr palar fo%éé’,” LLL LSS,
and/or with a circular polarized I'rght source. |In another enbodi nent said
devi ce compritses/iay etleet Loeopt isndamptaonslich apdatimparh&ODasensarse.

array, a_2-di.nensjonal. CCD i e . sensor array, a lipear CMOS i.nage .sensor
array, ora 25di Frb_ﬁsi J(L)Jrﬁ_éff’t Cl\g%qfdbeél%en a &y, Eﬁsﬁon‘fﬁ‘%at}?%n ev?;it?’r?ra
circular pRlatdzatipn fid tercaddh®r Methca cipeuharipol ari zed dH-gRfe 3aur ce.

Optionally, the circular polarization filter or the circular polarized
| i ght sodlE® 4 it her abovel eABEEIrMeAt $edareh & aumi neda witt AOBBIRBA CRItIicer s,

to sel ec%h%P 1{i & f&?&% AL oML f apd tg e P?H‘ES the;gontrast ratip o
f the Iigeﬁ fg{ ‘ect ed T rom %e ?qu|d %rys?aﬁeng eriaF tolﬁﬁe ot
| i ghtreflfectedofrr am thechatkgratinthe Thelegitridul@r epotf @ t zatilar rindttierss ygan
generally also b e , , : .
the alphanumeric code can be visually read and either sent via
10 a communication system (e.g. Internet or SMS) to a data center
for validation or checked against data provided with the item
in form of a label, reference mark or another alphanumeric

code.

15 The marking of the present invention, made of polymeric liquid
crystal material having determined optical characteristics,
can be used for the secure tracking and tracing of items,
articles or goods with an individualized, counterfeit-
resistant code for the secure tracking and tracing of said

20 items, articles or goods.

The application of an individualized code onto a good or item
requires a variable information printing process. A preferred
variable information printing process in the context of the
25 present invention is chosen from the group of continuous ink-
jet printing and drop-on-demand ink-jet printing; these
printing processes allow for a rapid, non-contact application
of said individualized code onto any kind of surfaces. Said
individualized code allows the identification of each single

30 item at a later stage of its life cycle.

In order to prevent the substitution of the original item by a

counterfeit carrying a copy of said individualized code, said
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repl aced by an el ectro-optic polarization switch. Such device is known in
the art, e.g. fromDE 102 11 310 B4, and allows to sel ect one or the other
ci rcul ar wolarowasg7pbon state b y an applied correspondi ngCrapre@agms4sih al |
cases of cholesteric liquid crystal materials, the marking of the present
invention is authenticated by verifying one or nore of its characteristic
properties, nanely the circular polarization state and/ or the view ng-angle

dependent color of the reflected light fromthe marking. The polarized
| i ght so&ﬂ&é%ﬂdQQkﬂﬁﬁﬂeﬁ@@%dﬁm$@h@ed@@é@??éﬁeéﬁuﬁﬁﬁéﬁﬁaéﬁ b&oR Ry fise €

chosen tq operate Jn Lhe v 5';?%8mtd% L of Lty Qr the JW, 1 egl o 0,15 tthe

electronagnetlc spectrum or in a conbinatio ese, according to
opti cal colsereadtadri shaesnof thethiaukiamg. ﬁﬁyﬁimHkAngpoéfehebbyesemwlcal

invention can be identjfied by reading.the indicia. it re resents and b
sUbseqUeRtiaPSEariasiiat FAG EHEA nTOFwat Fbn 90 B+ ISVEEF™ r O het i R g™ t h

i nf or nat iiencstRed dd & daha haseinn qﬂ%”%ﬁﬁ@i@ul@ﬁbgébﬂﬁmty th&erial
information represented by the indicia of e marking is encrypted, and

sai d i detd ikt oRo EBRPEISes J{qvel%t@pmtaéle@wstfl@d Je i B O Farmened
f er abl d |
Pre ercﬁ/ogyg £ 10g11 Nl Cﬂf‘cé‘é?l eaf& L by an el 60#81% hod @f@rgeﬁflﬂf L3S+ & LCCD-

or a -1 Mage Ssensor ener al’, ying an
item or @ﬂd@ﬁeof the 1norgan1c lumlnescent compounds, the organic

luminescent compounds, the IR-absorbers, the magnetic

10 materials, the forensic markers, and combinations thereof.

The marking of the present invention can be used on items or
articles, such as value documents, banknotes, passports,
identity documents, driving licenses, official permissions,
15 access documents, stamps, tax stamps and banderoles (in
particular for tobacco products and alcoholic beverages),
transportation tickets, event tickets, labels, foils,
packaging (in particular for pharmaceutical products), and in
general for marking spare parts and consumer goods (in

20 particular to address liability issues).

The marking of the present invention, applied to items, goods,
or articles is suitable for use in the secure tracking and
tracing of such marked items, goods or articles. Such secure
25 tracking and tracing of an item or article comprises
noteworthy the first commutable steps of a) applying a marking
according to the invention to the item or article to be
traced; and b) storing information related to the marked item
or article in a data base; as well as the second commutable
30 steps of ¢) authenticating the item or article according to
the authentication method disclosed herein; and d) identifying
the item or article, according to the identification method

disclosed herein, using the information previously stored in

20



carrying a marking according to the present invention conprises the steps
of a ) providing an itemor article carrying a marking according to the
present iwoento/asg79b )il lum nating the marking on said PCEmPer10As4SIEl € Wit h
at least one quality o f light fromat |east one |light source, ¢ ) reading
the indicia represented by the marking, deriving corresponding information,
d ) correlating the information retrieved fromthe indicia of the marking

with information stored in a data base, e ) obtaining confirmation or
deni al coicerdity bheci t @Rt s0BRLart itéicesdtdemd 1y . "Theh ¢ 8RAYI PPcaPPai <sf an

| tem or qrilhelie,0arl. 08,3 JRIKINLACYAiNG d ¢ d hgPresents d nyention can
be perfornmed wth the same rea I ng equi pnrent configuration or asse y
which is used for the authentication. In a first enbodi mrent the said

indicia are represented by a 1- dinensional o r a 2-di nensi onal barcode,
and the [riEge SPekr | GVBA 6% the BRBct 1hBRtTt CHIRS a TP LRI Formbs

anal yzed i#sidighaa i69f,r egR9Bdi ngs algariddhmi nThe 1ddof malisen cont abned-ind he
barcode is retrieved, i f necessany, decrthed, and conpared w th
i nf or mat ilglestofedtia ateat @ hased het ebylpdent isfogidry threldtepficapdy be

optionall L g e_da it h p tary infor Lon, _e.q.
about th§%¥#§ﬂ$%éﬁis%§r§g %ﬁé?%§ﬁ§$%ﬁn%@gbgé%ggﬁﬁ%bngqud%?%gggg§iE%OD
equi pped tWdrsnos cCommbnbeabhdnteoapaki ldatiesa of . padi i d ofla @aacbaBrNiceat iben
devi ce, such as_a npbil e phone, the retrieval of , ,
part of a data base management system. All kind of encryption

10 algorithms are suitable, e.g. a public-private key of the RSA

type.

Said data base may be a local data base, integrated into the
authentication device. Alternatively, it may be a remote data
15 base, linked to the authentication device through a wired or
wireless connection. A local data base may also be updated

regularly from a remote server.

In a further aspect, the present invention provides for the

20 application of the individual marking by a variable-
information printing process. Preferred is ink-jet printing,
either using the continuous ink-jet, or the drop-on-demand
(DOD) ink-jet or valve-jet printing process. Industrial ink-
jet printers, commonly used for numbering and coding

25 applications on conditioning lines and printing presses, are
particularly suitable. Preferred ink-jet printers are single
nozzle continuous ink-jet printers (also called raster or
multi level deflected printers) and drop-on-demand ink-jet, in
particular valve-jet, printers.

30
To provide for an entirely covert and machine readable
marking, nematic liquid crystal materials are used. To provide

for an overt or semi-covert and machine readable marking,
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the information taking place using the nobile phone' s internal resources.
The data base nay b e either |ocated in the comuni cation device (built-in
or exchanyeablogisEpory) , or on an external server reaclkreu/BP2@IASISS
conmmruni cation network. In a second enbodi nent the said indicia are
represented by an al phanuneric code, and the inmage retrieved b y the
el ectrooptic canera (reading device) i n digital formis analyzed using a
correspondi ng optical character recognition (COCR)algorithm The information
cont ai ne¢fihl ¢hecEdde s ¢t FréveaMandCcohpared wWETstatf ormrts O st orfé® i n
a data base,y hereby identifying the item and optionally updating the data
base. As 1nthe first enbodi nent, the data base may be either located in
the readi ng device (built-in or exchangeable nenory) , or on an external
server reached vi.a a gfgﬂggicatLon net wor k. The al phanuneric code can be
&

printed PSS E % M= WS peci al machi ne i dentifiable font.

Al termatirvgl ya theral phapurRi cugedeseandbggvisuakhy readsand eidher: isent
via a communi cation system (e.g. Internet or SM5) to a data center for
val i dat i g ferr ot Kied Terfde nse gt adpravidéddaschiPheont em ithef anmesft ign

| abel , reference mark.ors anather al phanumeric code . The marking of the
present invention, naé% of polyﬁ%fic liquid crystal material having

determ ned optical characteristics, can be used for the secure tracking and

tracing of itenms, articles_or goods with an individualized,.
Counterfépﬁ¥€%i§¥%ﬁﬁnatlcally epicts a cardboard packaging, e.g. a

10 pharmaceutical packaging, carrying representative markings a),
b), ¢) according to the invention, which are printed with
ligquid <crystal material at different locations on said
cardboard packaging:

a) shows a Data Matrix code on a particularly dark colored

15 background, e.g. a black background;

b) shows a Data Matrix code on a background of mixed
color, e.g. having dark and light colored parts;

c) shows a Data Matrix code on a white background.

20 Fig.2 shows images captured from an ECC200 data matrix code
printed with UV-cured liguid crystal (LC) material on coated
cardboard:

a) LC Data Matrix code retrieved from a black background,
under right-circular polarized white light

25 illumination, having a right-circular polarizing filter

in front of the CMOS camera.

b) LC Data Matrix code retrieved from a Dblack/white
background, under right-circular polarized white light
illumination, having a right-circular polarizing filter

30 in front of the CMOS camera.

c) LC Data Matrix code retrieved from a black/white
background, under right-circular polarized white light

illumination, having no filter in front of the CMOS

22



code for the secure tracking and tracing of said itens, articles or goods.
The application of an individualized code onto a good or itemrequires a
vari abl e wof2orovmas$7en printing process. A preferred vari olrEp2o00s4%8% | On
printing process in the context of the present invention is chosen fromthe
group of continuous inkjet printing and d r op-on-demand ink-jet printing;
these printing processes allow for a rapid, non-contact application of said
i ndi vi dual i zed code onto any kind of surfaces. Said individualized code

all ows the identf¢ieéd#t on of each single itemat a later stage of its life

cycle. In order {o ppeyent Mggﬁﬁubgk'ﬁ%“? irggr%y%ﬁe qriginal i tl%g?]p/)évéﬁtle
counterfeit carryrng a copy of said individualized code, saidindividualized
code nust be coubtekfeotndesiistiant unColntrertdi tvhiesi dtiagmde iddmnhie gpriavi,ded

through a particular security material having partjcular physical,
Drerorably opt i GHFe . B ontr £1 0650t he LxpRtrarorha) Chdy SerBriher

constigutive or incorporated in the marking. The particul ar security
material can be a polymeric liquid crystal material having determ ned
optical AOehaddes Dasasptdgomeiaddia ilnwendiet ed fromthe group of the

i nor gani ¢ | ym '%Sscce”émbcocﬁ%?é’ﬁf,s’tﬁ?emg%ﬁ%{gcok“%@eﬁgggbn%oqmg%ﬁ’ont he,
| R-absor bers, e rragnechc nmaterl al s, e rorensic rkers, an
combi nat monset hef eaf 1 ikheinarki ngrot theepresent damvenditoibcan Wwe arsed son
'tems or ALlCETe SUED @ S Y8l Ue, doetent S,  DANKNOt €S, PASSPOT LS st al
10 precursor composition to a substrate by a variable information
printing process, applying heat to both evaporate the solvent
contained in the liquid crystal precursor composition and
promote the liquid crystal state, and hardening the applied
composition in the ordered liquid crystal state. In one
15 exemplary embodiment, the liquid crystal precursor composition
is applied to the surface of a substrate. Heat is then applied
to both, evaporate the solvent and promote the liquid crystal
state. The composition in the liquid crystal state is then
polymerized (cured) by irradiation with UV light or with
20 electron beam radiation, as known by the skilled in the art.
In an alternative exemplary embodiment, the heat is applied to
the whole body of substrate and liquid crystal precursor
composition or only to the substrate, 1f it is able to
transmit the applied heat to the 1liquid crystal precursor
25 composition. In a further alternative embodiment, the liquid
crystal precursor composition may be subjected to heat before
applying it to the substrate. In an additional alternative
embodiment, the step of heating the liquid crystal precursor
composition and applying it to a substrate may be performed in

30 a single step.

The liquid crystal material applied in this embodiment is thus

a monomeric or oligomeric precursor of a ligquid crystal
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identity docunents, driving |icenses, official perm ssions, access
docunents, stanps, tax stanps and banderoles (in particular for tobacco
product s woadorlasdrel i c beverages), transportation tickersT/EPe@nisdsicket s,

| abel s, foils, packaging (in particular for pharnmaceutical products) , and
in general for marking spare parts and consumer goods (in particular to
address liability issues) . The marking of the present invention, applied
to items, goods, or articles is suitable for use in the secure tracking and
traci ng 6 marked PreRBrsgsodoTEr i@ cltesleSuehoseclfBatiackilny i&hd

tracing Q.f an i tem o,k antl ¢le Comri _5§§i8°h%ﬁﬁ%%e*}y M‘?o‘i'&{;%egomﬁ%l e

st eps of a33 applyrng a marking according to the invention to the itemor

articl e towlhendriaced,e anblprg . stot tagl e nfienant cohipeldt edysaattheommiiced

item or arti%!e in a data base; .as well as &ﬁé secand comut abl e steps of c
i

) aut hentd%c &P HE i &Em g arti% 1% A Std %9fﬁﬂ%¥%ﬁn i“Cati on net hod

di scl osed zhekeinyi -and -énknivdenti kyisng-tae (alerer 1@&?) ehi@ox35eendioRget;0 the
identification method di sclosed herein, using the information previously

stored i nthg_data base [Qutionall i the 4ata Jase ey ereliy e updated with

new i nf or mati enments related to the“itemor article. The code applied
to the itemaor od represents digital jinformtion, which iis stored in a
dat a ﬁgsié-w-tgggg?réa PRERERS ERE (i di oF CgosavaP y) Parer 2&tage. sai d
code rmnay pted, so as to protect the information it contains upon
1,4-phenylene bis(4-((4-(acryloyloxy)butoxy)carbonyloxy)

benzoate) ;

15 2-methyl-1,4-phenylene bis(4-((4-(acryloyloxy)butoxy)
carbonyloxy)benzoate) ;

and the combinations thereof.

20 The nematic ligquid crystal monomer or oligomer may be present

in the precursor material in a range of 10% to 100% by weight.

Suitable stabilizers are Florstab UV-1 supplied by Kromachem,
and Genorad 16 supplied by Rahn.

25
The photoinitiator may be present in the precursor material in

a range of 0.5% to 5% by weight.

For obtaining cholesteric (i.e. twisted nematic) phases, said
30 precursor further comprises at least one chiral dopant (chiral

inducer). Suitable chiral dopants comprise the derivatives of

isomannide and of isosorbide, represented by the general

formula (I)
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transm ssion fromand to the data base. Said data base can be part of a
dat a base nmanagenent system All kind of encryption algorithns are
sui t abl e,we.2g10/a5¢7abl i c- pri vate key of the RSA type. SaipdTd®b@obasses may be

a local data base , integrated into the authentication device .
Alternatively, i t may be a renote data base , linked t o the

aut hentication device through a wired or wireles s connect ion . Al ocal
data base may a | s o be updated regularly froma renote server . | n a
further aspect , the present Qention provides for the application of the
i ndi vi dual marki ng by a ()i abl € rmation printing proces s . Preferred

s ink-j et printing, ei th ,
dr op- on-demand (DOD) i nk-j or v
inkfj et printers,
od i ng applicationségn condi¥1 oni n 1
particularly suitabl Pre red ink-jz- e
cont inuous ink-j et printers (also call e
printers ) and drop-on-demand ink-j et , i | 5 val ve-j et,
printers . Topr ovi def or anent i r elll ycovVer t and machi ner
e adab | e marking, nematic |iquid crystal nfterials are used . To provi de
f or an ove r t or s em -covert and macti)ne readabl e marki ng, chol esteric or
chiral-nematic liquid crystal materials are used.

t hel cont inuous ink-j et, or the
e-joet printing process . Industrial
e dRslor numb e r i ng andc
i Ag-presses , are

ar e éﬁlngle nozzl e
multi |evel deflected

wherein
5
Ri, Rz, Rz, Ry, Rs, Rg, R; and Rg denote each independently C1-Cq
alkyl, Ci-Cs; alkoxy;
A; and A, denote each independently a group:
10

i) —[(CH)y-0]z-C(0)-CH=CH;;
ii) —C(0)-D1-0-[ (CH,)y-0]z-C (O) ~CH=CH,;
15 iii) -C(0)-D,—0-[(CHy)y-0]z-C (0) -CH=CH,;

D; denotes a group

(Rs)q

(RG)r

20 D, denotes a group
(R7)s

(R8)t

m, n, o, p, g, r, s, and t denote each independently 0, 1, 2;
25
y denotes 0,1,2,3,4,5,6;

25



Description of the Drawi ngs For a nore conpl ete understandi ng of the
present invention reference is nade to the detail ed description of the

i nvent i orwandiohss7att ached drawi ngs . Fig.|l schemati cal PgTO®pI1010S45a85
cardboard packagi ng, e.g. a pharnmaceutical packagi ng, carrying
representative markings a ) , b ) , ¢ ) according to the invention, which
are printed with liquid crystal material at different |ocations on said
cardboard packaging: a ) shows a Data Matrix code on a particularly dark
col ored Fadi&gedurid,l fe yg.eaad] deleshck ramand;l B9 sieeiNstla 1Ddt%a vkt ri x code
on a background of m xed color, e.g. having dark and |light colored parts; c
) shows a Data Matrix code on a white background. Fig. 2 shows inages

capt ur ed Irr egmcarmeECE20M datesn thalh I + X1 codeapt  ntedoni $d the cdeedvét gued
crystal (LC). materi.a] on coated cardboard:_ a LC Data Matri x code

retri eved'f roii"&@™l rt%’cﬁ?gﬁ%lﬁ?&i? S rﬁogrﬁgu-l@i riddt’ar pol arized white
light 91 1lumnation, having a right-circular polarizing filter in front of
the CMOS canera. b ) LC Data Matrix code retrieved froma black/white
background, under right-circul af polarized white light illumnination, having
aright-circular polarizimyg filt

0

H
- (R3)0
0O
A1\O \Az
(Rz)n
(R4)p
O I
(IA)
wherein
10
Ri, Rz, Rz, Ry, Rs, Rg, R; and Rg denote each independently C1-Cq
alkyl, Ci-Cys alkoxy;
A; and A, denote each independently a group:
15

i) —[(CH)y-0]z-C(0)-CH=CH;;
ii) —C(0)-D1-0-[ (CH,)y-0]z-C (O) ~CH=CH,;
20 iii) -C(0)-D,-0-[(CHy)y-0]z-C (0) -CH=CH,;

D; denotes a group

(Rs)q

(RG)r

25 D, denotes a group
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in front of the CMOS canera. ¢ ) LC Data Matrix code retrieved froma
bl ack/ whit e background, under right-circular polarized white |ight
i I1um natwornpiomass7ag no filter in front of the CMOScaneraT/EPdoip/okfS1Dat a
Matrix code retrieved froma bl ack/white background, under unpol arized
white light illumnation, having no filter in front of the CMOS canera.
Detail ed Description of the Invention In a first enbodi nent, the marking of
the present invention is made o f a liquid crystal precursor conposition,
whi ch is obtainabl e by i ndependent(Rs)appl yi a liquid crystal precursor
conposition to a substrate by a vari akle_iptormation printing process,
appl ying heat to both evaporate the contained in the liquid crystal
precursor conposition and pronote the d crystal state, and hardeni ng
the applied conposition in the ordered yuid crystal state. In one
exenpl ary enbodi nent, the liquid crygtal precursor conposition is applied
to the surface of a substrate. Heat is(Rt)hen applied to both, evaporate the
sol vent and pronote the liquid crystal & ate. ‘The conposition in the liquid
crystal state is then polynerized (cured) by irradiation with UV light or
with electron beamradi ati on, as known by the skilled in the art. In an
al t er nat inve rexenplrar yi,enbodi,memd t heldredte iescdpplridegdarolertie bl € ,bédy of
substriate and |iquid crystal precursor

y denotes 0,1,2,3,4,5,6;

z equal 0 if y equal 0 and z equal 1 if y equal 1 to 6.

10 In a preferred embodiment, in formula (IA), Ri, Rz, Rs, Rs, Rs,
Rs, R; and Rg denote each independently C;-Cs alkyl. In an
alternative embodiment, in formula (IA), Ri, Rz, Rz, R4, Rs, Rg,

R; and Rg denote each independently C;-Cs alkoxy.

15 In a further preferred embodiment, in formula (IA), A; and Ap
denote each independently i) -[(CH;)y-0]z-C(0)-CH=CH;; Ri, Ry,
Rs and Ry, denote each independently C;-Cs alkyl; and m, n, o,
and p denote each independently 0, 1, 2. In an alternative
embodiment, in formula (IA), A; and A, denote each

20 independently 1) -[(CH,)y-0]1z-C(0)-CH=CH;; Ry, Rz, R3; and Ry
denote each independently C:-Cs alkoxy; and m, n, o, and p

denote each independently 0, 1, 2.

In other preferred embodiment of formula (IA), A; and A, denote
25 each independently ii) —-C(0)-D;-0-[ (CH;)y-0]z-C(0O)-CH=CH,
and/or iii) —-C(0)-Dy;-0-[ (CH;)y-0]z-C(0)-CH=CH,; and Ri;, Rz, Rs,
R4, Rs, Rg, Ry and Rg denote each independently C1-Cs alkyl. In
an alternative embodiment, in formula (IA), A; and A, denote
each independently ii) -C(0O)-D:-0O-[ (CHy)y-0]z-C(0O)-CH=CH,
30 and/or iii) -C(0)-D;-0-[(CHy)y-0]z-C(Q)-CH=CH,; and R;, Rz, Rs,

R4, Rs, Rs, Ry and Rg denote each independently C1-Cs alkoxy.
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conposition or only to the substrate, if it is able to transmt the applied
heat to the |iquid crystal precursor conposition. In a further alternative
enbodi menwQ 20tve11587qui d crystal precursor conposition mapChErPsubjossied to
heat before applying it to the substrate. In an additional alternative
enbodi nent, the step of heating the liquid crystal precursor conposition
and applying it to a substrate nay be perforned in a single step. The
liquid crystal nmaterial applied in this enbodinent is thus a nononeric or

ol igoneric precursor of a liquid crystal polyner. Said precursor conprises
at | east lonenseietd erfbaguingrdr 9t vkl ndeemet s oromp F gosetrhe sa¢ diviohones or

ol | goner having, aol yrerizabl.e groups, Sl table nematic 1iquid crystal
nononer s Oor "ol 1"gommers ar om the @?oup of blsacg§$ tes such as 2-nethyl -
1 ,4-phenyl ene bis (4- (4- (acryl oyl oxy)butoxy) benzoate; 1 ,4-phenyl ene
bis (4- (4- (acryl oyl oxy)butoxy)benzoate) ; 2-methyl- 1 ,4-phenyl ene bis
(4- (6- (acryl oyl oxy) hexyl oxy) ?-nzoate) ;1 ,4-phenyl ene bis (4- ((4-
(acryl oyl oxy) but oxy) car byl oxy) -quoate) ; 2-nmethyl- 1 ,4-phenylene bis
(4- ((4- (acryl oyl oxy) butwexy ar bgnyHoxy) benzoate) ; and the

conbi nati ons thereof. The na\ic | i)gui:d-©rystal nonomer or oligoner nmay be
present in the precursor ial ih alranye of (RBB% to 100% by wei ght .
! O\
A—o R,) O : A,
2/n H -O
(R4)p
5 © ,
(IB)

wherein

10 Ry, Rz, Rz, Rs, Rs, Rg, Ry and Rg denote each independently C;-Cs
alkyl, Ci-Cs; alkoxy;

A; and A, denote each independently a group:
15 1) —[(CHy)y-0]z-C(0)-CH=CH;;

11) —-C(0)-D1-0—-[(CHz)y-0]z-C(0O)-CH=CHy;

111) -C(0)-D2-0—-[ (CHz)y-0]z-C(0)-CH=CHy;

20
D; denotes a group

(Rs)q

(RG)r

D, denotes a group

(Ry)s

25 (Re);
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Suitabl e stabilizers are Florstab UV-1 supplied by Kromachem and Genorad
16 supplied by Rahn . The photoinitiator may be present in the precursor
mat eri al wo2a1ow@asgye of 0.5%to 5% by wei ght. For obtai niPog/EPh@lo®s45es i C
(i.e. twisted nematic) phases, said precursor further conprises at |east
one chiral dopant (chiral inducer) . Suitable chiral dopants conprise the
derivatives of isomannide and of isosorbide, represented by the general
formula (1):D wherein R, R, R, R, R, Rb, R and R denote each

i ndependently C - C alkyl , C- C al koxy; A and A2 denote each

i ndependently a group : i ) - [ (CH2)y-Q z-C (O -CH=CH 2; ii) -C (O

-Di -O [ (CH2),y-<0] - @,(0), -<CH=0Hd 2; iddnoteCe@ch D2xdopdndeH)y- @), Z-C20)
-CH=CH 2; Di denotes a group D2 denotes a groupm, n, o, p, q, r , s
, and 3 denkieteach) ,iindependentd;y 0 , 1, 2 ; y denotes 0,1,2,3,4,5,6;z
equal O if y equal 0 and z equal 1 if y equal 1 to 6 . In another

enbodi ment Lhidnaly dapants oMy ise the deni vatives Lfudisamaige
represented by the fornmula (1A :I1A) wherein

In a preferred embodiment, in formula (IB), Ri, Rz, Rs, Ry, Rs,
10 Rs, R; and Rg denote each independently C;-C¢ alkyl. In an
alternative embodiment, in formula (IB), Ri, Rz, Rz, R4, Rs, Reg,

R; and Rg denote each independently C;-Cs alkoxy.

In a further preferred embodiment, in formula (IB), A; and A,

15 denote each independently i) -[(CH;)y-0]z-C(0O)-CH=CH;; Ri, Ry,
Rs and Ry, denote each independently C;-Cs alkyl; and m, n, o,
and p denote each independently 0, 1, 2. In an alternative
embodiment, in formula (IB), A; and A, denote each
independently i) —-[(CHy)y-0]z-C(0)-CH=CH,; Ri, Ry, R3z and Ry

20 denote each independently C;-Cs alkoxy; and m, n, o, and p
denote each independently 0, 1, 2.

In other preferred embodiment, in formula (IB), A; and A,
denote each independently ii) —-C(0)-D1-0-[ (CHy)y-0]z-C(0O) -

25 CH=CH, and/or iii) -C(Q)-D,-0O-[ (CH;)y-0]z-C(0O)-CH=CH,; and R,
Ry, Rs, R4, Rs, Rs, Ry and Rg denote each independently Ci1-Cs
alkyl. In an alternative embodiment, in formula (IB), A; and A;
denote each independently ii) —-C(0)-D1-0-[ (CHy)y-0]z-C(0O) -
CH=CH, and/or iii) —-C(0)-Dy;-0O-[ (CHy)y-0]z-C(0)-CH=CH,; and Ri,

30 Rz, Rz, Rs, Rs, Rs, Ry and Rz denote each independently C;-Cs

alkoxy.

In a preferred embodiment, in the formulae (I), (IA) and/or
(IB), the alkyl or alkoxy group of R:i, Rz, R;, Rs, Rs, Rg, R; and

35 Ry may comprise 4 or 6 carbon atoms.
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R, R, R, R, Rb, Rand R denote each independently C- C alkyl , C -
koxy; A and A2 denote each independently a group : i ) - [ (CH)y-Q

(O -wbReH/1assmi) -C (0) -DI-O [(CH2)y-0] z-C (0) »CH=EERI1B/HOS451F5) - C(O
O [(CH)y-0] z-C(O -CH=CH 2; Di denotes a group D2 denotes a groupm

R1
C al
z-C
- D2-

, h, o, p, g, r, s, andt denote each independently 0, 1, 2; vy
denotes 0,1,2,3,4,5,6; z equal O if y equal 0 and z equal 1 if y equal 1 to
6 . Inapreferred enbodiment, in formula (1A, R, R, R3, R4, R5, Re, R7

and R deﬁ\d{]@’leétqumdé@é}m@rﬁﬂfw €] -O@réJCKylatOlHW armvalacesrdidaie erigedi nent
in fornula (I , i ndependent |
G -C al koxy( g@du rrE%Aer pre? rﬁd oerlr?gldq 2}% q%?}ﬂn%r%% A, Apl and Ag

denot e e&cﬁnpmdaa’p@cﬁerdalryoqn Ja tonfs (n@ljZ)b,e Ge 12d€ gO)f roGH=CHd Z_;;roﬁa:p R2, R3
and R4 denot e .each i ndependentl C alkyl; a and p denote
each i ndép8Edemtiig e %2 %’ﬁf et r1°’at“}e\}:g1 QI’PE&}IYH'EH@ 4n formul a

(1A, A igiaRd A2 1e&a@h34a1@rré%m@qr§ér]&tyl - [ (CH)y-g z-C (O -CH=CH
2; R, R, R3 an R4 denot e each |ndependently C -C alkoxy; and m, n o ,
and p denote each i ndependently 0 , 1 2 . In other preferred enbodi ment

of for nmul2d Xd=A) grAupsandms idamet € e:aacfﬁpqm@e‘pﬁamdm yd iseleCted fm O
[(CH2)y- cahe gréﬁﬁ cé%g?%gf%g but-1l-oxy, but-2-oxy, isopropoxy or tert-
butoxy. Alkoxy groups comprising 6 carbon atoms may be
10 selected from the group comprising hex-1l-oxy, hex-2-oxy,
hexan-3-0l, 2-methylpentan-1l1-ol, 2-methylpentan-2-o0l, 2-
methylhydroxypentane, 2-methylpent-3-oxy, 2-methylpent-4-oxy,
4-methylpent-1-oxy, 3-methylpent-l-oxy, 3-methylpent-2-oxy, 3-
methylpent-3-oxy, 3-methylhydroxypentane, 2,2-dimethylpent-1-

15 oxy, 2,2-dimethylpent-3-oxy, 2,2-dimethylpent-4-oxy, 4,4-
dimethylpent-1l-oxy, 2-methyl-2-methylhydroxypentane, 2,3-
dimethylpent-1l-oxy, 2,3-dimethylpent-2-oxy, 2,3-dimethylpent-
3-oxy, 2,3-dimethylpent-4-oxy, 3,4-dimethylpentl-oxy, 2-
methylhydroxy-3-methylpentane or 2-methyl-3-

20 methylhydroxypentane.

Chiral dopant according to the invention include in particular

those selected from the following group:

25 (3R, 3aR, 6R, 6aR) ~hexahydrofuro[3,2-b] furan-3, 6-diyl bis(4-(4-
(acryloyloxy)benzoyloxy)benzoate) ;
(3R, 3aR, 6R, 6aR) ~hexahydrofuro[3,2-b] furan-3, 6-diyl bis(4-(4-
(acryloyloxy)butoxy)benzoate) ;
(3R, 3aR, 6R, 6aR) ~hexahydrofuro[3,2-b] furan-3, 6-diyl bis(4-

30 (acryloyloxy)-2-methylbenzoate);
(3R, 3aR, 63, 6aR) ~hexahydrofuro[3,2-b] furan-3, 6-diyl bis(4-(4-
(acryloyloxy)benzoyloxy)-3-methoxybenzoate) ;
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and/or iii) -C (O -D2-O [(CH)y- z-C (O -CH=CH 2; and R, R2, R3, R4,
R5, Re, R 7 and R s denote each independently G-C alkyl. In an alternative
enbodi mernwo 20rv/fiss7oul a (1A), Ai and A2 denote each i ndepempeomloyssis) -C
(0) -D-O0 [(CH2)y-O z-C (0) -CH=CH 2 and/or iii) -C(0) -D2-O [(CH2)y-O
z-C (0) -CHCH 2; and R, R2, R3, R4, R5, Re, R 7 and R s denote each

i ndependently G -C al koxy. I n another enbodi nent chiral dopants conprise the
derivatives of isosorbide represented by the formula (1B) :1B) wherei n RI

R2, R3, RASR I%lR R RED ~Areek R ot ﬁwh&cféﬁ@rmént%ﬁl@’h e salyl4-

| k ; 104 ¢ I i - CH2 C
oo Al et hspseat e e 1 ), [ (G2)y 90)2
- D2 O [(GIHB)@&H)]6R2, HaR)0)6 ~ (@H=EH ( %,C@]joydﬁng/t —meg:ﬁm:gb@’bzdmimb@s —eB-groupm

nd denot e each ependent | , y
denot es @e’fh?’%bfnb’zoé/loiiyézﬁéﬁ Lhé’ éﬁi bgdﬁgl %‘u 1 f cf4 y equal 1to
6 . I a prefarged.gnedimntoxy) flj@rfé‘ﬂﬂ&y(de%)z,oa@e , R3, R4, R5, Re, R7

and R denote each independently G -C alkyl. In an al ternative enbodi nent,

in forml @R IBR, Ri,60RD, %akmirqisquﬂéé R ldiver 2R -derfotc seach 5 (deidendent | y
G-Cal ko’%rﬁ%ﬁox‘i/ ther nef&ried gavediment, i Jormyla (hB) . Ad and A

? (3R, 3aR, 6R, 6aR) ~hexahydrofuro[3,2-b] furan-3, 6-diyl bis(4-(4-
(acryloyloxy)benzoyloxy)-3-methoxybenzoate) .
10
The chiral dopant may be present in the precursor material in

a range of 0.1% to 25% by weight.

A variable information printing process is used to apply the
15 1liquid crystal precursor material to the substrate. The term
“variable information printing” encompasses also variable data
printing. This form of printing process is a printing process
in which elements such as text, graphics or images may be
changed from one printed piece to the next, allowing the
20 “mass-customization” of items as opposed to the “mass-
production” of a single item , e.g. using offset lithography,
without delaying or stopping the press being necessary. A
basic design is developed which comprises various sections
which may be altered wusing a database of information that
25 fills 1in the changeable fields according to the demand and
intention of the user. Depending on the number of changeable
fields, the final product is more or less sophisticated, e.qg.
like a marking according to the present invention. The
elements and/or sections to be changed on each individual item

30 can be determined in advance and controlled in each moment.

The marking is preferably applied by ink-jet printing, either

of the continuous ink-jet or of the drop-on-demand ink-jet
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denote each independently i ) - [ (CH)y-OQ z-C (O -CHCH 2; R, R2, R3
and R4 denote each independently G-C alkyl; and m, n, o, and p denote
each i ndemperdamitibg7o0 , 1 , 2 . In an alternative enbodi remEP2010/054315ul a
(IB), Ai and A2 denote each independently i ) - [ (CH2)y-Q z-C (O -CH=CH
2; R, R2, R3 and R4 denote each independently G -C al koxy; and m, n, o,
and p denote each independently 0, 1, 2 . In other preferred enbodi nent,
in formula (IB), Ai and A2 denote each independently ii) -C (O -D-O

[ (CH2)y- @]YQQICF(@fer@-ﬂzm—bQ GhBPSE NoiZz led (1S top- @O{(@Q}ycqtl@ncb(m)

- CH=CH 2;. , J e h i dently
G-C Iky]1 ﬁn&anpgl%t eﬁ?ﬁi’ve he%snbogﬁﬁg% t?ﬁgf Ehrlfr% @? %ﬁ@% Cor}ldced&% E
denot e each viendgpendentrdg ri ifo - €d§Opt- BtsO-v{$@b—QJ)1yyO]tOZ e Olow @Id:l(ﬁésZ
and/ or

e . | BT EYaoHet o el PR aRtentF gt S e al IR Ce b & Geshatad

enbodigrenty1dds ther forrutae phlintGhd) i@nd/ oird | B, thhe raldgd ©of al kexyo
group of R, R2, R3, R4, R5, Re, R7 and R s nay conprise 4 or 6 carbon

at oms. Al mﬂa gﬂr@\IpsZQ:cﬁvarSf@w\@nmscawlbbﬁha@@ﬁsbﬁay%@ §éee@iﬂ@@e1hr émorhé hgr oup
conpr i si ng. Q;;iaryéf nd SP&&O\PyécOﬁkyhgggggg?l%O {aﬁ' rE\% o g)%*%% ALQTE, By

be sel ected omt e group rs
3-met hyl pentylen 2:52- diuet hyl penteyd hgrl—%t,h&l&]amidnd pen(MEIK Al k@ayt cgreagups
conpri si ngE 4 carbon atons may_be sel ected from ,
hylacetate, ethyl 3-ethoxypropionate or toluene. Chlorinated
10 solvents like dichloromethane, trichloromethane or
trichloroethylene are technically suitable, but not desirable

in printing inks because of their toxicity.

The solvent is comprised in the ink-jet precursor material in

15 a range of 10% to 95%, typically 45% to 85% by weight.

In the case of continuous ink-jet printing, the precursor
material also comprises a dissolved conducting agent,
typically a salt, such as lithium nitrate, lithium
20 perchlorate, tetrabutylammonium chloride or tetrabutylammonium

tetrafluoroborate.

The salt is present in a concentration range of 0.1 to 5% by
weight.
25
The precursor material preferably may further comprise
security materials, which are present in low to moderate
concentration, 1in order to increase the resistance of the
marking towards counterfeiting. These security materials are
30 selected from the group consisting of the inorganic
luminescent compounds, the organic luminescent compounds, the
IR-absorbers, the magnetic materials, the forensic markers,

and combinations thereof. Concentration ranges are 0.01% to 5%
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the group conprising but-1-oxy, but-2-oxy, isopropoxy or tertbutoxy. Al koxy
groups conprising 6 carbon atons may be selected fromthe group conprising
hex- 1- oxywohew/dsgy2y, hexan-3-ol, 2-nethyl pentan-1-ol, PcrsErhylopsssian- 2- ol
2- net hyl hydr oxypent ane, 2-net hyl pent - 3- oxy, 2-nethyl pent - 4- oxy,

4- et hyl pent -1 - oxy, 3-nethyl pent-1-oxy, 3-nethyl pent-2-oxy, 3-

nmet hyl pent - 3- oxy, 3-nethyl hydr oxypentane, 2 , 2-di net hyl pent -1 oxy,

2, 2-di met hyl pent - 3-oxy, 2 , 2-di net hyl pent - 4- oxy, 4, 4- di et hyl pent - 1- oxy,

2- nethylJ@lme%%WPﬁVﬁWﬁ%&beﬁ@ﬁﬁéﬂHEjgf di- et Hy® peft- fgxyl R2absorbers or

3-di net s19- di oBethyhp XY+ o didyet n y, 3
4 dlnethy pent 03§¥e5§ %g?hy ydrgxgag ne%ﬁyl%enf%%% or fﬁy Qﬁ %B'k%&

nethylhydﬁnxypeﬂkane . Chiral dopant according to the invention |nclude in
particul ar those selected fromthe follow ng group: (3R 3aR, 6R 6aR)
- hexahydrofuro [3,2-b] furan-3, 6-diyl bis (4- (4- (acryl oyl oxy)

benzoy oxye bgpzeaterd; PR e3aR:iOR1 - hexahydr of teou £ 3o 2- Bla frian- 3,
6-diyl bis (4- (4- (acryloyloxy) butoxy) benzoate) ; (3R 3aR 6R, 6aR)

- hexahydrifefurea {8y P @] oftir ARe3 P LN ungﬁqvuoma@$yn@yn@%yyet printing

- 2- et hyl be %%ter)lt J gﬁgrg%%sfsg SR Peengfyda(ef enzoa% #gr hj?’c?, R

6-di yl bis oyl oxy) benzoy "o y) -3-nme
6R, 6aR)cchgxahyﬁroéurdfkﬁu;zebé kﬂnamﬂs ifddeyt bkmmtﬂnm{4acéaﬁﬁyh@yhmxy)

- 3- nethoxybenzoyloxy? benzoate)

formul (IB), an organic solvent, and a

10 photoinitiator.

Said nematic compound is preferably of the acrylic- or bis-
acrylic type as disclosed in EP-A-0 216 712 and EP-B-0 847
432, US-B-6,589,445, which are herein included by reference.
15 The preferred amount of the nematic compound present in the
cholesteric liquid crystal precursor mixture is from about 10
wt% to about 60 wts, more preferably from about 10 wts to

about 45 wt%.

20 The amount of the chiral inducer present in the cholesteric
ligquid crystal precursor mixture ranges from about 0.1 wt% to

about 25 wt%, preferably from about 0.5 wt% to about 15 wts.

The liguid crystal precursor material for producing a marking
25 according to the present invention may further comprise dyes,
pigments, coloring agents, diluents, conducting salts,
surface-active compounds, surface adhesion promoters, wetting

agents, defoamers, and dispersing agents.

30 The marking of the present invention is preferably applied in
the form of indicia representing a unique l-dimensional, a
stacked 1l-dimensional, or a 2-dimensional barcode or matrix

code. The symbology is preferably chosen among those used in

33



(3R, 3aR, 6R 6aR) -6- (4- (4- (acryloyloxy) -3-methoxybenzoyl oxy) -3-

nmet hoxybenzoyl oxy) hexahydro furo [3, 2-b] furan-3-yl 4- (4- (acryl oyl oxy)
benzoyl oxw® 20By1r887boxybenzoat e; (3R, 3aR, 6R, 6aR) - hexabydredwnsssis, 2-b]
furan-3, 6-diyl bis (4- (4- (acryloyl oxy) -3-nethoxybenzoyl oxy)
-3-nethoxybenzoate) ; and (3R 3aR 6R 6aR) -hexahydrofuro [3, 2-D]
furan-3, 6-diyl bis (4- (4- (acryloyloxy) benzoyl oxy) -3-methoxybenzoate)
The chiral dopant may be present in the precursor material in a ran of
0.1%to Z4% bie i ghtndys vay | BdT et haf B A& NenCpr FATNAGCpROCcESSdiSs T

apply the [ rcf%céyséf?‘é PLEGURSQN Jmaar) gl d Q;ﬁlh?eéugg%ﬁaé?ds-,rh%ntdert@e

"variable-in tion printing"” enconmpasses 150 varia ata printing

Thi s formqﬁrqmpohdmggpmmaﬁﬁmgsaadpdeMmdmp@r@b@eg1mhmMnaﬂeekeu&ntemdwh

as textjﬂg{aphlcs or, ima e chjggﬁﬂtfronlone printed piece to the
next, all A g5 €9 Y 6ie Vd$Gpposed t o the
nassg;oductlon of a S|ngle item, e.g. using offset Iithography, w thout

del ayi ng or stopping the press belng necessary. A basic design is devel oped

whi ch corﬁmqt@ésla/énddm@@é@madmar\mse@qw Be Himegysepngs rli@ra:qﬂﬂ@t abase of
i nformati %%bt g Ia%eDg< cctg)ar{gl%abslkelll ej %r%c or |d1%bvtaq demand and
t

intention € iser on the nu angea e t he
final pratder issnmrleor nlaem exmjm sid (Ealm,eye gl PI ike & orerdkdmg Caxdeordi ng
t o the present i nvention. The

25 — Non-1interleaved 2 of 5, Code 25 - Interleaved 2 of 5,

10 Code 39, Code 93, Code 128, Code 128A, Code 128B, Code 128C,

Code 11, CPC Binary, DUN 14, EAN 2, EAN 5, EAN 8, EAN 13, GS1-

128 (formerly known as UCC/EAN-128), EAN 128, UCC 128, GSl1

DataBar formerly Reduced Space Symbology (RSS), ITF-14,

Pharmacode, PLANET, POSTNET, OneCode, MSI, PostBar, RM4SCC /

15 KIX, or Telepen.

Suitable 2-dimensional barcode symbologies are known to the
skilled person and available under symbology names such as
3-DI, ArrayTag, Aztec Code, Small Aztec Code, bCODE, Bullseye,

20 Codablock, Code 1, Code, 16K, Code 49, Color code, CP Code,
DataGlyphs, Datamatrix, Datastrip Code, Dot Code A, EZcode,
High Capacity Color Rarcode, HueCode, INTACTA.CODE, InterCode,
MaxiCode, mCode, MiniCode, PDF417, Micro PDF417, PDMark,
PaperDisk, Optar, QR Code, Semacode, SmartCode, Snowflake

25 Code, ShotCode, SuperCode, Trillcode, UltraCode, VeriCode,
VSCode, WaterCode, and ECC200. This latter has a built-in
error correction code and is defined in international standard

ISO/CEI 16022:2006.

30 Suitable font types for optical character recognition (OCR)

are known to the skilled person.

Fig.l schematically shows a ©product packaging having a
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el enents and/or sections to be changed on each individual itemcan be
determ ned in advance and controlled in each nonent. The marking is

pr ef er ablwoappliisstoby i nk-jet printing, either of the ceorirro@®sisnk-jet or
of the drop-on-demand ink-jettype, preferably by single nozzle/ raster. For
application by ink-jet printing, the conposition nust further contain a
solvent, in order to adjust its viscosity to the | ow values required by the
said printing processes. Typical viscosity values for ink-jet printing inks
are in tKaYERfeebic4liguad Wyt at PECK18E| ¢énttee wHiteanli bEcnsé@rar e

chosen frafm the, 95gup of §pecbap wiscosl ! yo 5l iaht] vepobd and appotls,

organi ¢ sol vents, has met hy et one acet one,
et hyl acetcatde, cet e et foxy prOps Dhdt eaokaydDhgenPat€hMatiriat €4C20I0vernt s

| i ke dichl oranet hane, trichl aronethane or trichloroethylene are technically
Ll anl o D o s S s M el T Sh0e | ERE ot et B Th

sol very ige<Gom i pedikhohheoh niticet pRreeYi gl MEt@si alt | Bad raage fsci% to
95% typically 45%to 85% by weight. In the case of continuous ink-jet
printingWhdelpreetr Sorf pisdr i dp ClBooEdfhrf e @ didsol 9&d rvhtdct s hy/

oG SRR B2 Loy o8 P DEEMRIL L St d LA U pEc LRt
salt is present miat aveomaent ¢ ati am r ahge pof c Ratyitroy 5¥%oby wer ghholly be
present on a white or colorless region of the packaging (c).
10
The reading device for reading the marking of the present
invention can be constructed on the basis of commercially
available barcode readers, in particular on the basis of hand-
held CCD/CMOS-camera reading equipment and reading stations
15 used in the retail industry. In case of an appropriate
matching of the marking with the available (narrow-band)

illumination, said reading equipment may be directly enabled

to read the liquid crystal codes.

20 In other cases, the reading device can be further adapted
(enabled) so as to read the response of the specific security
elements implemented in the marking. Correspondingly adapted
flat-bed scanners can also be used. CCD-camera based barcode
readers are known to the skilled person and are produced by

25 several industrial companies, such as AccuSort, Cognex, DVT,

Microscan, Omron, Sick, RVSI, Keyence, etc.

Said adaptation of the reading device may comprise the
implementation of one or several optical filters chosen from
30 the group of linear ©polarizing filters, right-circular
polarizing filters, left-circular polarizing filters, electro-
optic polarization filters, wave-plates, and spectrally

selective color filters of any type, and combinations thereof.
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The pr ecur s or mmt er i al pr ef er abl y mmy f ur ther conpr i s e

security materials , which are present i n lowt o noderate concentration,

i n orderwD 2010/ 1ms¥7@¢ase the resi stance of the marking toraTdP2@i00stsesfeiting
These security materials are s el ect edf r omt he gr oup cons i st

i ng of t hei nor gani c |um nescent conmpounds , the organic |um nescent

conpounds , the I R-absorbers , the magnetic material s , the forens i c

markers , and conbi nations thereof . Concentration ranges are 0. 01 %t o 5
% or | uniliesteRf rEcifpombs S MY CA RO L0%H ore 3 R abgior ke SEeremagreptecal

mat eri al s 0. % % f.ar: fo Ry K rial . f ed
chol est eﬁlclatl%:jrc?ui ggéry%%a ) prsgégrséggérlﬁ%g??{il %aoi}rmggrrlrtgie%g %%ﬁ%ﬁéegps%{seent

i nvent i onngsiengritrk-ijoet prfi nbhrg equi peeatatompisesubaim Xtighe: o foratcdseast
one nemati c conpound, at |east one chiral iﬁ_([jucer corr.poung.accordi ngrt
formula @SS ATIF (1B) IdTor GaniP€S§sIvent, Hndf @™ piot ot nfti &0 5%ai d
nemat i campaunddus-daef enablag yof & a6l | -1 @t bissAGIdd ¢ thyFe -as and

di sclosed in EP-A-O 216 712 and EP-B-O 847 432, US-B-6, 589, 445, which are
herei n i rcldided bycréber eneéa rTive r efigirteds amait s of afite preRRtline tbApsund
pr esent itrp]betrfé%fchol esteric liquid crystal precursor mxture is fromabout 1
0 w%to about 6 0 % nore preferably fromabout 1 0 wt%to about 45 wt %
The amount of the chiral inducer present in the cholesteric

The light sources, however, can be chosen from ambient light,
10 incandescent 1light, laser diodes, light emitting diodes, and
all type of light sources having color filters. Said light
sources may have an emission spectrum in the spectral domain
of the wvisible light (400-700nm wavelength), the near optical
infrared (700-1100nm wavelength), the far optical infrared
15 (1100-2500nm wavelength), or the UV (200-400nm wavelength)

region of the electromagnetic spectrum.

Said reading device is thus not only enabled to read the
marking, but also to authenticate it as being made of the

20 correct security material, i.e. comprising the required
security elements. Said reading device delivers a digital
information representative of the code which has been read,
and pointing towards an entry in a data base corresponding to
the item carrying the said marking and code.

25
Said digital information may be compared with information
stored in the reading device or may be exchanged between the
reading device and an external data base; the exchange can
take place in encrypted form, using e.g. a public/private

30 encoding of the RSA type. Said exchange of information can
take place by all kind of transmission means, e.g. wire-bound

transmission, wireless radio link, infrared-1link, etc.
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liquid crystal precursor mxture ranges fromabout 0.1 wt%to about 25 wt %
preferably fromabout 0.5 wt%to about 15 wt% The liquid crystal precursor
mat eri al woropraskrei ng a marki ng accordi ng to the preseRrCTIEPR@0W0EHSNS MY
further conprise dyes, pignents, coloring agents, diluents, conducting
salts, surface-active conpounds, surface adhesion pronoters, wetting
agents, defoaners, and dispersing agents. The nmarking of the present
invention is preferably applied in the formof indicia representing a

uni que 1-di nensional, a stacked 1-dinensional, or a 2-dinmensional barcode
or matrix code. The synbology is preferably chosen anong those used inthe
retail industry for the marking of comrercial goods. These synbol ogies are
internationally recognized standards, and the correspondi ng readi ng and
decodi ng al.gorithnms are known and inplenmented._in merci al |y av'dg@ﬂé%

dovi ces. SEUTt abi B Tt mendTonat L By SPaRkel ELAFRERE oS PhALEad

synbol pgies1Afi& Knewk ot ke skhlked peesoprapdnavaihabl @, under weyhelegy
nanes such as Plessey, U.P .C, Codabar, Code 25 - Non-interleaved 2 of 5
, Code 25 ongeperpéaved 2lof o5derCode BICrEade 935 GoHE 1 E28.n Codeo128AS

Code 128 .8C, . Co ' r , N ; 8
EAN 13, G I RO e Ly Kot B8 U AR 108y - AN £ 2B TO0C 158 4
Dat aBar faqarames | yo Retlueed gSpdc e hSy mhod ogyn { RSShminEleckh t Rhanpacode, RLANET,
POSTNET, OneCode,_. M5], PostBar, RWMASCC / KI X,_or Tel epen. ,
organic luminescent compounds, the IR-absorbers, the magnetic
10 materials, the forensic markers, and combinations thereof.
Typical concentration ranges are 0.01% to 5% for luminescent

compounds, 0.1% to 10% for IR-absorbers or magnetic materials,

and 0.001% to 1% for forensic marker materials.

15 To accommodate particular conditions, the coating composition
for producing a marking according to the present invention may
further comprise dyes, pigments, coloring agents, diluents,
conducting salts, surface-active compounds, surface adhesion
promoters, wetting agents, defoamers, and dispersing agents,

20 as known in the art.

The authentication and identification of the liguid crystal
marking according to the present invention requires a light
source and must be done in one of the following ways:

25 1) by illuminating the marking with circular or linear
polarized light and detecting the marking’s reflection;
ii) by illuminating the marking with unpolarized (e.qg.
ambient) light and detecting the marking’s reflection through
a circular or linear polarizing filter,

30 iii) by a combination of circular or 1linear polarized
illumination and detection through a circular or linear

polarizing filter.
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Sui t abl e 2-di mensi onal barcode synbol ogi es are known to the skilled person
and avail abl e under synbol ogy nanes such as 3-DI, ArrayTag, Aztec Code,
Smal | Aztwo 20oda5870CODE, Bul | seye, Codabl ock, Code 1 , EoaaEP2016K545CDde 49,
Col or code, CP Code, Datad yphs, Datamatrix, Datastrip Code, Dot Code A ,
EZcode, Hi gh Capacity Col or Barcode, HueCode, |NTACTA. CODE, | nterCode,
Maxi Code, ntCode, M ni Code, PDF417, M cro PDF417, PDWMark, PaperD sk, Optar,
R Code, Semacode, Smart Code, Snowf| ake Code, Shot Code, Super Code,
TrlllcodghQJ%%%K%kﬁﬁtA%ﬁ Q%d@1“%5@%@eltVﬁt@?CﬁéélcéﬁdlE 06. PPRAIte Tt er

has a bui r ti e [ in at

st andardﬂi}sé CI]E(rgL grfg%zggg%%% %?tgggl e oﬁt 1S’lt g{ais9 grzeo%pt%%gfl@cﬁfﬁg%%SrS’
recogni t ilomeE@CR)o el i(eftd)vvhigbtt ke uskiels|, edl per sonrcﬂ@rl psthematdcdlilgnt
shows a product pack n haV| E?Q‘i achol esteric, li stal marking of the

present iSRFEMS%N ¢ an Loy mod€dnz§d ot i f°-a ECC2 00 data

matri x code on the surface of sai d packaging . Data I\/atrlx ECC2 00 i s a
public domain synbol ogy . The marking can be applied t o any desired
posi tion Ion ahe ‘Eééﬁégl ﬁ@tecmrm@m mpyeH® e pFesent Whodvd gr onlhbf ther s

D2 o ki ound © Slodi (B Of BB bel b loens SveLlagel ng. wi th &

col o Sec esi gn col ve pre s ent on
the pa cdéagioawl{p Jr, aotr:cwhoﬂ CcMoyp l@an@rreaserﬂlha)nljagmﬂmé@uo@esolandl ess
regi on of the packa |ng gc) The readi ng device for readi ng t he marKki ng of
éﬁﬁectlon be ‘made or choseh spectrally selective through
the pres
10 the use of particular light emitters and/or color filters. The
detection is preferably carried out in the visible region

(400-700nm wavelength) of the electromagnetic spectrum.

In a particular embodiment the illumination of the marking for
15 authenticating an item or article, 1s performed using at least
two different light sources selected from non-polarized
(randomly polarized) light sources, linear polarized 1light
sources, left circular polarized light sources, and right
circular polarized light sources.
20
Fig.2 shows images taken from ECC200 Data matrix codes printed
with liquid crystal material on coated cardboard. These images
clearly illustrate the advantage of using the polarizing
properties of the liquid crystal material marking for the
25 reading of the printed code on a <clear or structured
background. Most advantageous is a combination of polarized
light for illumination and the use of a polarizing filter in
front of the camera. All images were taken with the same light
source and with the same camera settings, all in black and
30 white mode, and with or without polarizing filters before the
light source and/or the camera. The images were digitally

treated for maximum contrast and optimum brightness.
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i nvention can be constructed on the basis of comrercially avail abl e barcode
readers, in particular on the basis of hand held CCD/ CMOS- canera readi ng
equi pnentwendiveassfong stations used in the retail i ndustPcy/EpPonoosses of an
appropriate matching o f the marking with the avail abl e (narrow band)
illumnation, said reading equi pnment may be directly enabled to read the
liquid crystal codes. In other cases, the reading device can be further
adapt ed nabl ed) so as to read the response of the specific security

el enent s Hnﬁeﬁémﬁﬁ¥¥ﬁdtm§ﬁﬁﬁkvn@hQJJ}@§ﬁ&uﬁﬁ@ﬁv%%kmﬁéblﬂ%ﬂQ%eBhe

scanners C%% Also %‘E@Pon r%el%ae%e gore readets afedsngwn 1o

o i
the skillF'ed person and are proguce y several 1 ndustrial conpanies, such
as AccuSoidre feogey;, OMIieM cr dsgan, HOnT @npaSisdke RwﬂQCW@mynmeanetgud&ud

adaptation o f_the readi ng devi nma rise th ntation of one or
el o et S RS B s g AR T P TR bR s o

ri ght -xi nedlaare Pol aniszl ngef i khensi rkeht - &hﬂCL&@%héK%fﬁagédE)JdﬂéfHéS the
el ectrooptic polarlzatlon fllters wave-pl ates, and spectrally sel ective

color fiMigriPlsf ECEYpe, é@nl &@ﬁﬁmnmau\f@rl@t@ﬁér pofe {%- al paFhfcipgrared
nbodi d | d
enbodi ment, af he%%ot;"{ﬁe b% 995'1%%%51{ te%%afreré'é?g}paﬂl 2 3‘8%&“ on

may furt her conprlse tat Fon one severa i ght
sources(dpﬁﬁﬂalrnmftBEegrQG@Oeﬂrﬂﬂﬁmrwﬁ&glsebehﬁuverUthﬁ toloved) clailght
sources, |inear golarlzed | i ght sources, |eft- and
infrare 100-2500nm wavelength) or 1in the UV (200-400nm
10 wavelength) region of the electromagnetic spectrum, given that

the marking has a reflection band in these regions.

The cholesteric liquid crystal polymer is, by its nature, a
spectrally selective reflector whose reflection band can be
15 tuned across part of the electromagnetic spectrum by an
appropriate choice of its helical pitch. Said pitch noteworthy
depends on the ratio of nematic precursor material to chiral
inducer compound in the liquid crystal precursor, and on the
temperature of polymerization. After polymerization, the
20 helical pitch, and hence the reflection color of the material,

remains fixed.

As known to the skilled person, low amounts of chiral inducer
result in a low helical twisting and hence in a large helical
25 pitch. Therefore, low amounts of the chiral inducer generate a
reflection band of the resulting polymer at the long
wavelength end of the spectrum, typically in the infrared or
red region, whereas higher amounts of inducer generate a
reflection band of the resulting polymer at the short
30 wavelength end of the spectrum, typically in the blue or UV

region.

Attention must also be paid to the handedness of the chiral
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right-circular polarized |ight sources, and conbinations thereof . The

| i ght sources, however, can be chosen from anbient |ight, incandescent
light, | aserodvaskys, |ight emtting diodes, and all typeCofEPRoigls4ssdur ces
having color filters. Said |ight sources may have an em ssion spectrumin
the spectral domain of the visible |light (400-700nm wavel ength), the near
optical infrared (700-11OOnm wavel ength), the far optical infrared

(1100- 2500nm wavel engt h), or the UV (200-400nm wavel ength) region of the
el ect r ondgyfBiG T speetr umeSaicd reeddh WyrBeveee 1N anis Tt bhafylenablled t o
read the rkki ng, a : auyf. ic {4t [ : r.rect
securitycﬁ§f§¥ﬁglfpgﬁg.h%%ﬁ%&ﬁs#ﬁgqﬁtb'?%%ﬁ%%%ﬁésggu??Fggg?éggnF?EO%afg
readi ng deviceldel iprel sra zditgi ¢ al oifnfdreratiedn a@pe éséntat t ve Isfortdien ¢ dde
whi ch has, been read, and poj nting tomardi an en&ry in 3 data base

cor r espoffimy Ao e it€m Y ngt? het RArdS naFRfng “ahd S€5de” s&itd diditt al
i nfor nat ian-dm bepepapared Witdhd, nf Qravthon it t erreadi hgsdevice
or may be exchanged between the reading device and an external data base;
t he exchanmyevizahot akelptacehien réifckypt ednf orfm r ughihg Ce. 1 v ba pubbilg/jidadat e
encodinglg%_%he RSA type. Said exchange of information can take place by
all kind o k&fansnission nmeans, e.g. W re-bound transm ssion, wreless
radio link, infrared-link, etc.Said coating conposition may preferably
conprise further

Hereafter is given a typical example of a cholesteric liquid
10 crystal polymer precursor composition, which can be applied by

the continuous ink-jet printing process:

Example 1

%Composition Weight %
%Acetone 52.25
%2—methyl—l,4—phenylene bis(4-(4- 38.8

j(acryloyloxy)butoxy)benzoate)

§(3R,3aR,6R,6aR)—hexahydrofuro[3,2—b]furan—3,6—

: 7.5
diyl bis(4-(4-(acryloyloxy)benzoyloxy)-3-
methoxybenzoate)
%Irgacure 907 1.0
Lic1o4 0.45
15 Example 2
%Composition Weight %
%Acetone 52.25
%2—methyl—l,4—phenylene bis(4-(4- 38.8
j(acryloyloxy)butoxy)benzoate)
%(3R,3aR,6R,6aR)—6—(4—(4—(acryloyloxy)—3— 7.5
§methoxybenzoyloxy)—3—methoxybenzoyloxy)hexahydro
ifuro[3,2-b]furan-3-yl 4- (4-
{(acryloyloxy)benzoyloxy)-3-methoxybenzoate
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security materials,

whi ch are present

in low to noderate concentration

in

order to increase its resistance towards counterfeiting. These security
mat er i al sSWere10sdp88t ed from the group consi sting of thePCREPIHNI0E4515

| um nesc

the magnetic materi al s,

Typi cal

0.1%to
forensic
coating

conduct i
wetting
aut hent i

inventio%&ggg{

ent conpounds, the organic |um nescent conpounds,
the forensic markers,
concentration ranges are 0.01%to 5% for

10% for | R-absorbers or maanetic nmpterials.. .and.0

the | R-absorbers,

and conbi nati ons thereof.
| um nescent conpounds,

001% t0.1%.f or

{mmrker, smdgrials. To acconmodate particul ar cond
conposition for producing .a nmacking according. to.

itigons, the
he present.......

urther conprise dyes, pignents, coloring a

jentss, diluents

on _pronmoters. .

agents, defoaners, and di spersing agents,
cation and identification of the liquid crystal

as known in the art.

The

mar ki ng accor di ng

to the prgseni;d nvention requires a light source and nust be done in one of

the foll
i near

detectin
filter,

A yvso i) by illuminating the macrking with circular..or
p§iﬁﬁfﬁ?¥i5@ht and detecting the marking' s reflegtisep: is i ) by
iIIunina_ln&Bt e marking with uopolarized (e..d. . andient liight and

@Aéé%% rking' s reflection through a circular orilsi pear polarizing
] by a conmb i nat i _on of circular or lineatr polarized
{2-methyl-1, 4-phenylene bis (4~ (4- 41.07
j(acryloyloxy)butoxy)benzoate)
%(3R,3aR,6S,6aR)—hexahydrofuro[3,2—b]furan—B,6— 2.11

idiyl bis(4-(4-(acryloyloxy)benzoyloxy) -3~

jethoxybenzoate)

%Irgacure 907 1.05

Lic104 0.48
Example 4

Composition Weight %
%Acetone 52.25
{-methyl-1,4-phenylene bis (4- (4- 38.8
j(acryloyloxy)butoxy)benzoate)
%(3R,3aR,6R,6aR)—hexahydrofuro[3,2—b]furan—B,6— 7.5

{diyl bis(4-(4-(acryloyloxy)-3-
methoxybenzoyloxy)-3-methoxybenzoate)

%Irgacure 907 1.0

LiC104 0.45
Example 5

Composition Weight %
Acetone 52.25

2-methyl-1,4-phenylene bis (4- (4- 38.8
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I | Tum nat i on and de t ect i on thr ough a ci rcul ar or I i ne ar
polarizing filter .The illumnnation of a marked itemor article is thus

per f or medwb 2910a11687ght source chosen from unpol ari zed | i ghtt/EPoMOOEES]IS | | Nnear
pol ari zed light sources, left circular polarized |ight sources, and right
circular polarized light sources. In all cases, detection nmay be perforned
by eye or with the help of electro-optic detection equipnment, such as a
phot ocel or.a CCcD or CMOS canera. The light sources and the detection may
be nade<maqﬂyﬁnyiQxxMHuEﬂX$obﬁﬂ%ﬂﬂhakathrough the use of partlcular li ght
em ttersprane 3 : ~ phosg

t he ViSI: , %ﬁﬁ iﬁ@ %%ﬁﬂﬁ %ﬂ ﬁgﬁetlc spectru
In a pariqlc}di é?l%%"o%ﬁ"n@rﬁrifflﬁéﬂi%}{) atlon of the mar ki ng for

aut hent i @RIGREALTIIBMBY)A143%S)is performed using at {east two
differemlgdégﬁ oyfces sel ected from non-polarized (randgmy polarized)
|'i ght sodlrces, J1|near polarized light sources, left circuiar polarized

| i ght soﬂE%%_4 and ri ght circul ar pol ari zed |ight sourcesy, Fi:g. 2 shows
i mages t@aken from ECC200 Data matri x codes printed with | QUId cryst al
material on coated cardboard. These inmages clearly illustrate the advantage
of using heFﬂpl%#izing properties of the liquid crystal material marking

n

for the the printed code on a clear or structured background.
Most adv nt ageous. | S a conbl nation of polarlzed . .
ompositio Weight 3%
%Methyl ethyl ketone (MEK) 52.25
%2—methyl—l,4—phenylene bis(4-(4- 38.8

j(acryloyloxy)butoxy)benzoate)

§(3R,3aR,6R,6aR)—hexahydrofuro[3,2—b]furan—3r6‘ 7.5
;diyl bis (4- (4- (acryloyloxy)benzoyloxy)benzoate)

%Irgacure 907 1.0
%LiClO4 0.45
Example 7

%Composition Weight %
%Acetone 48.6
P-methyl-1, 4-phenylene bis (4- (4- 36.1

{(acryloyloxy)butoxy)benzoate)

%(3R,3aR,6R,6aR)—hexahydrofuro[3,2—b]furan—3,6— 13.95
idiyl bis (4-(4- (acryloyloxy)butoxy)benzoate)

%Irgacure 907 0.93
%LiClO4 0.42

5 :
Example 8
%Composition Weight %
%Acetone 49.25
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light for illumnation and the use of a polarizing filter in front of the
canera. Al inmages were taken with the sane |ight source and with the sane
canmera sewOi2ogeL1sabl in bl ack and white node, and wi th @CTEPRMOOFIS1S

pol arizing filters before the |ight source and/or the canera. The images
were digitally treated for maxi mum contrast and optimum brightness.ln a
preferred option, the liquid crystal marking of the present invention is
rendered_ visible under unoolarized (preferably anbient) light by a passive

det ect i ni fﬂgﬂh gircular polarizingpfdlter. The
mar ki ng ﬁf<§%;%§L %@n JE gﬁed and aut henticate out5|de t he
ctru

vi sible wave enqth) e.g. inthe infrared region (700
to 2500n v eferab r opt | i nfyar (700-11 COamM
mavelengg%@}:gi Qé%nt% h% ah Aﬁ%ﬁuro 2?%%Zoa 1 dnlwav;%eﬁgth) or in f{he
uv (200- 5% gﬁSH netic spectrum given
that thejmarkin a reflectlon band |n these regi ons. {lhe cholesteric
liquid ci Q%ﬂu is, by its nature, a spectrally sel’ective reflectdr

whose refleciion band can be tuned across part o1 the elnctronagnetlc
spectrunﬁﬁ- X appropriate choice of its helical pitch. aitd pitch

not ewort Ry depends on the ratTo of nenatic precursor naterral to chiral
i nducer conpound in the liquid crystal precursor, and on the tenperature of
pol yneri zation. After polymerization, the helical pitch, and hence the

refl ecti @ased ororof tthee nmitderdealions and exemplary embodiments given

hereinbefore, the skilled person is enabled to derive further

5 embodiments of the present invention.
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remains fixed. A s known to the skilled person, |ow anounts of chiral

i nducer result in a low helical twsting and hence in a | arge helical
pitch. Thwoebmwass’bow amounts of the chiral inducer genecatEP2@onsfsi®cti on
band o f the resulting polynmer at the |ong wavel ength end of the spectrum
typically in the infrared or red regi on, whereas higher anounts of inducer
generate a reflection band o f the resulting polyner at the short

wavel ength end of the spectrum typically in the blue or UV region .
Attenti oS al so be paid to the handedness of the chiralinducer, i.e.
whet her a determ ned inducer results in a left or in a right helical pitch
resulting in respective opposite circular polarization of the reflected

l'i ght. Ilsomankirdender fvat iavesiaere knowart docieducaitthemaekiegt icompeofi diefot
circular polarized light, whereas isosorbide derivatives are known t.o

i nduce the r &I IT of FHGhC &S Cul P HFoIar %At P EE &P 5E i ven
a typixal exampleofaghelestanice | haqubg cryst al c polymaleHRENSH and
conposition, which can be applied by the continuous ink-jet printing

process: Examsieelinopanpt endExEampl 23 Bhhphe 4texanphensggampla by the
human eye, the marking being characterized in that it is

obtainable Dby independently applying a liquid crystal

precursor composition to a substrate by a variable

10 information printing ©process, applying heat to Dboth
evaporate the solvent contained in the liquid crystal

precursor composition and promote the liquid crystal state,

and hardening the applied composition in the ordered liquid

crystal state, said marking having the form of indicia

15 representing a unique code, allowing for its
identification.
2. Marking according to c¢laim 1, wherein the precursor

composition comprises UV-cure-able reactive monomers or
20 oligomers, and the hardening of the applied composition

takes place by UV-curing.

3. Marking according to claims 1 to 2, characterized in that
25 at least part of the marking is invisible to the unaided

human eye.

4, Marking according to one of the claims 1 to 3, wherein said
polymeric ligquid crystal material is a cholesteric liquid
30 crystal material, exhibiting color and an angle-dependent

change of color.
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Exanpl e 7 Exanpl eBased on the indications and exenpl ary enbodi nents given
her ei nbefore, the skilled person is enabled to derive further enbodi nents
of the prweento/iiszention.Clains : 1 . Marking for an itecrmr2aovssshe, said
mar ki ng conprising polynmeric liquid crystal material having determ ned
optical characteristics which allow for its authentication and reading by a
machine, as well as its authentication by the human eye, the marking being
characterized in that it is obtainable by independently applying a liquid
crystal PpreclBgFirconpesrEiéRdt ota sabstRat & by"ke¥R¥h abie | merhesticon c

printing proGass,; APPLYLNG hﬁ%&e&?a.lio.tﬂ‘ase"gp%eaﬁleeé&eoxﬁgtgﬁghiigp%ﬁé negy in

the liquid crystal precursor conposition and pronote t crysta
state, and hardertirugn t be rapplioadicgnposi ttba i n0d hecor derledn | ivguied ecrgytst al
state, said marking having the formof indicia representing a unique code,
al l owi ng for i¥S-dentification. 2 . Marking according to claim1 , wherein
t he precursor conposition conprises UV-cure-able reactive nononers or

ol i gomers, and the hardening of the applied conposition takes place by
UV-curirfg. 3Manmki ngcgeecdraingteo €laims 4/ t o'lereighartdd erdhpd@site tilfat

at | east parﬁi ui%hec %%qu Egtggygiibﬁgstoathfeyfgégf band 1in the
vigible spectrum corresponding to the 400 to 700nm

wavelength range.

10

7. Marking according to claim 4, wherein the cholesteric
liquid crystal material has a reflection band in the
infrared spectrum corresponding to the 700 to 2500nm
wavelength range, preferably in the infrared spectrum

15 corresponding to the 700 to 1100nm wavelength range.

8. Marking according to one of the claims 5 to 7, wherein the
cholesteric liquid crystal material has a second reflection
band in the 200 to 2500nm wavelength range.

20

9. Marking according to one of the claims 1 to 3, wherein said

polymeric 1ligquid crystal material is a nematic liquid

crystal material, exhibiting optical birefringence.

25 10. Marking according to one of the claims 1 to 9, wherein said
polymeric liquid crystal material comprises further
security materials, selected from the group consisting of
the inorganic luminescent compounds, the organic
luminescent compounds, the IR-absorbers, the magnetic

30 materials, and the forensic markers, and the combinations

thereof.

11. Marking according to one of the claims 1 to 10, wherein
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human eye. 4 . Marking according to one of the clains 1 to 3 , wherein said
polynmeric liquid crystal material is a cholesteric liquid crystal material,
exhi bi ti nyocoloonsamd an angl e- dependent change of col or PET/EPRE0I0OS4TES
according to claim4 , wherein the cholesteric liquid crystal material has
a reflection band in the UV spectrum corresponding to the 200 to 400nm
wavel ength range . 5 6 . Marking according to claim4 , wherein the
cholesteric liquid crystal material has a reflection band in the visible
spect rum cor FésFonetgt Fat ¢ hd S409°1 DC7Odnhmrway el AgIF dnget 1A ectvmki ng

according to clai , rnein { teric 4i.qui r al i,al. has
areﬂecﬂon%%%ﬁ%ﬁﬁ%gga#ﬁg%gaﬁg%ﬁ%%bgﬁ%gﬁﬁlﬁ%%%gfwgg%%ﬁﬁ'

2500nm wavel ength range, preferably in the infrared spectrum 15

correspanding to .the 700 to. || OOnm wavel ength r e. 8 . Marking according

o one’ OF 1 heIacsiife S5T0T A0S Wkl G t e o) eot 1 1 dif df Br yeprein

mat er il hass%i%ﬁcgﬁgs&@BkQCFiQnzpa@@th@rhﬁ%.ZQQbégrgégpnnidﬁﬁ%ﬂéﬁﬁﬁf1at_

range. 20 9 . Marking according to one of the clains 1 to 3 , wherein said
least two different surface areas, each selected from the
group of white surface areas, black surface areas, colored
surface areas, reflecting surface areas, transparent
surface areas and combinations thereof.

10

13. Marking according to one of the claims 1 to 10, wherein

sald substrate carries indicia.

14. Marking according to one of the claims 1 to 10, wherein
15 said substrate carries at least one security element,
selected from the group consisting of the inorganic
luminescent compounds, the organic luminescent compounds,
the IR-absorbers, the magnetic materials, the forensic
markers and combinations thereof.
20
15. Marking according to c¢laim 14, wherein said security

element is present in the form of indicia.

16. Marking according to one of the claims 1 to 15, wherein

25 said substrate is selected from the group consisting of the
woven substrates, the non-woven substrates, the coated
substrates, the papers, the cardboards, the wooden
substrates, the glass substrates, the ceramic substrates,

the metal substrates, the plastic substrates, the textiles,

30 and the leathers.

17. Marking according to one of the claims 1 to 16, wherein

said marking is obtainable by a process selected from the
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polymeric liquid crystal material is a nematic liquid crystal material,
exhi biting optical birefringence. 25 10. Marking according to one of the
clainms 1 wo2010/119871@rein said polynmeric liquid crystal nrCEmPad10064mF i Ses
further security materials, selected fromthe group consisting of the

i norgani ¢ | um nescent conpounds, the organic |um nescent conpounds, the

| R-absorbers, the magnetic 30 materials, and the forensic markers, and the
conbi nations thereof . 11. Marking accordlng to one of the clains 1 to 10,
wher ei nsai d §Hﬁ%%ra?% §n§epeeﬂéd1ﬁﬁdm3ﬂu?£ﬁQﬁ&ﬁ%ﬁ fepPeenrAgnsuBstirdtes,

col ored subst. nﬁﬁ}nﬁqqféréﬁﬁpqr%%&‘Zﬁﬁ%kﬁ%- 12. Marking according to
erein's

one of the cIal sub rate is a patterned substrate,
conpr|5|ng at Ieast two different surface areas, each selected fromthe
group of rface areas, bl ack surf?ce are col red s?ﬁfac ar eas,

reflect i g su émhr%%%or Hihs p8r et sOf f 408 ar £aE™an at i"

thereof. 13. sM&rdklﬂﬂaQil%Qfaorr@{ﬁ@sTe%t%l% of uhene @l ko c%Q)se\Mﬂ%&%Jnﬂ 3@l d
substrate carries indicia Mar ki ng according to one of the clains 1 to

10, wherein s&ogrsubstratedeagnsesnat |kastodne setiArGhsd ellewdmensseingdt ed
fromthe gro%%_eggggstgg%(y érh Eﬂer%amaégégaﬁpscent conmpounds, the
cen S

organi c | umi Nes éonpo nd absorbers ‘the magnetic materi al s,
the forensic

10 19. Marking according to claim 18, wherein said 1-dimensional
barcode is gelected from the group of Plessey, U.P.C.,
Codabar, Code 25 - Non-interleaved 2 of 5, Code 25 -
Interleaved 2 of 5, Code 39, Code 93, Code 128, Code 128A,
Code 128B, Code 128C, Code 11, CPC Binary, DUN 14, EAN 2,

15 EAN 5, EAN 8, EAN 13, GS1-128 (formerly known as UCC/EAN-
128), EAN 128, UCC 128, GS1 DataBar formerly Reduced Space
Symbology (RSS), ITF-14, Pharmacode, PLANET, POSTNET,
OneCode, MSI, PostBar, RM4SCC / KIX, or Telepen.

20 20. Marking according to claim 18, wherein said 2-dimensional
barcode is selected from the group of 3-DI, ArrayTag, Aztec
Code, Small Aztec Code, bCODE, Bullseye, Codablock, Code 1,
Code, 16K, Code 49, Color code, CP Code, DataGlyphs,
Datamatrix, Datastrip Code, Dot Code A, EZcode, High
25 Capacity Color Barcode, HueCode, INTACTA.CODE, InterCode,
MaxiCode, mCode, MiniCode, PDF417, Micro PDF417, PDMark,
PaperDisk, Optar, OR Code, Semacode, SmartCode, Snowflake
Code, ShotCode, SuperCode, Trillcode, UltraCode, VeriCode,
VSCode, WaterCode, and ECC200.
30
21. Marking according to one of the claims 1 to 20, wherein the
polymeric liquid crystal material is present in the form of

pigment flakes comprised in a suitable binder.
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mar kers and conbi nati ons thereof. 15. Marking according to claim 14,
wherein said security elenment is present in the formof indicia. 16.

Mar ki ng awoantimes7wo one of the clainms 1 to 15, wherei nPsairk260os4sn1ate 1S
selected fromthe group consisting of the woven substrates, the non-woven
substrates, the coated substrates, the papers, the cardboards, the wooden
substrates, the glass substrates, the ceram c substrates, the netal
substrates, the plastic substrates, the textiles, and the leathers . 17.
Mar ki ng according to one of the clainms 1 to 16, wherein said marking is
obt ai na b r | f t hegr f. _cant| i nk-j et

printi ngﬁdrygﬁgﬁ-ngﬁ%a%ﬁcg%ﬁﬁ%%? q>prcirl(r%l'?jlm ng,%’a(r%lgl%lr%slélr CEglrel %’ti ?ﬁ%ﬂ E% Cﬁ}é)rsﬁnng
accordi ng to fanern ofthehegebapnmscéntdstiyngwhef ei thd sairdy lindi ciess imepr esért i ng
a uni que code are .chosen fromthe group of: 1-dinensional .barcodes, stacked
1- di nensi onalacﬁé’ﬁ&gdest,eséﬁld"z-&hﬁenﬁtﬁflneﬁ%@d‘@s. YHg 1 9hr KRG LYme T
accor d ng tor@s%in@,l%he\!WE&'gﬁc%%iad 1-&i mensi epal dareode d srsek gst edrfdr om
the group of Plessey, U.P .C , Codabar, Code 25 - Non-interleaved 2 of 5 ,
Code 25 | nterflegdvedagigf Bodi€ade 3991rpdec93, rEoties 1281d Cide 12BA L UCsde
128B, Code 1%%%% S}de 11, CPC Binary, DUN 14, EAN 2 , 15 EAN 5, EAN 8 ,
EAN 13, GS1- (e ornmerly known as UCC/ EAN- 128), EAN 128, UCC 128, GSl

Dat aBar fornerly Reduced Space

23. Marking according to claim 21, wherein the binder is chosen
10 from the group consisting of the UV-cure-able monomers and
oligomers of acrylates, vinyl ethers, epoxides and

combinations thereof.

15 24. Marking according to any one of the preceding claims,
wherein said polymeric ligquid crystal composition 1is
obtainable in the presence of a chiral dopant according to

formula (I)

(R‘I )m

A—
1 O (Rz)n

20 (1)

wherein

Ri, Rz, Rs, Ry, Rs, Rg, R; and Rg denote each independently Ci-
25 Ce alkyl, C1-Cg alkoxy;

A; and A, denote each independently a group:

1) —[(CHz)y-0]z-C(O)-CH=CHy;
30
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Synmbol ogy (RSS), |TF-14, Pharnmacode, PLANET, POSTNET, OneCode, MSI,
PostBar, RWASCC / KI X, or Telepen. 20 20. Marking according to claim18,
wher ei n swodoRy/dssmensi onal barcode is sel ected from t he PpgramppoiofsEF1DI
ArrayTag, Aztec Code, Small Aztec Code, bCODE, Bull seye, Codabl ock, Code 1
, Code, 16K, Code 49, Col or code, CP Code, Datad yphs, Datamatri x,
Datastrip Code, Dot Code A, EZcode, Hi gh 25 Capacity Col or Barcode,
HueCode, | NTACTA. CODE, |nterCode, Maxi Code, nCode, M ni Code, PDF417, Mcro
PDF417, PDMatk, ~Paperbisk; [ (dlraw COR-Cdde - C8efricbde, Snmart Code, Snowf | ake
Code, Shot Code, SuperCode, Trillcode, U traCode, Veri Code, VSCode,
Wat er Code, and) EGC20D-D3®2[(CIVBIKIONg -&dCor-dilrgHbo one of the clainms 1 to
20, wherein the polyneric liquid crystal material is present in the form of
pi gnert fl| akesdqrongyd sedyidum@ sui tabl e binder.22. Marking according to
claim 21, wherein the binder is chogeq fromthe group consisting of the
vinylic resins, the acrylic resins, the styrgne-maleic anhydride copol yner
5 resins, the polyacetal resins, the pog¥ fer resins, the fatty acid
nodi fi ed pol yester resins and the m xt ereof . 23. Marking according
to claim21, wherein the binder is cho§e fromthe group consisting of
t he UV-cure-abl e nononers and ol i goner acryl ates, vinyl ethers,
epoxi des and (Ry)

6/r

D, denotes a group

(Ry)s
(R8)t
10
m, n, o, p, 9, r, s, and t denote each independently 0, 1,
2;
15 y denotes 0,1,2,3,4,5,6;

z equal 0 if y equal 0 and z equal 1 if y equal 1 to 6.

20 25. Marking according to claim 24, wherein said polymeric ligquid
crystal composition is obtainable in the presence of a

chiral dopant according to formula (IA)

(R‘I )m

A—
1 O (Rz)n

49



conbi nations thereof. 15 24 Marking according to any one of the preceding
clains, wherein said polyneric liquid crystal conposition is obtainable in
t he presewmoeonfitias7ehi ral dopant according to fornula (1 PCO/RPRIMIesSes N Ri,
R2, R3, R4, R5, Rb R 7 and R denote each independently C 5 Ce alkyl, G-C
al koxy; Ai and A2 denote each independently a group: i ) - [ (CHR)y-g z-C
(O -CH=CH 2; 30ii) -C(O -D1-O0 [(CH2)y-O z-C (O -CH=CH 2; iii) -C (0
-D2-O0 [(CH2)y-0] z-C (0) -CH=CH 2; Di denotes a group D2 denotes a group
m, n, o, p, q, r, s, andt denoféfeach independently 0, 1, 2 : y
denotes 0,1,2,3,4,5,6; z equal O if y equal 0 and z equal 1 if y equal 1 to
6 . Markingwhegeridi ng to claim24, wherein said polyneric liquid crystal
conposition is obtainable in the presence of a chiral dopant according to
formula (1 AR:| AR, WRreir, RR;, R2,, R3, aR4, RR&:eRbt e Rdclanth Reslenad et eacty -

i ndependent ICy Cr
¢ alkyl, C1-Cs alkoxy;

A; and A, denote each independently a group:
10 i) -[(CHy)y-01z-C(0O)-CH=CH,;
11) —-C(0)-D1-0-[(CHy) y-0]z-C(0)-CH=CHy;

111) -C(0)-D2-0—-[ (CHz)y-0]z-C(0)-CH=CHy;

15
D; denotes a group
(Rs)q
(RG)r
D, denotes a group
(R7)s
20 (Re)
m, n, o, p, 9, r, s, and t denote each independently 0, 1,
2;
25
y denotes 0,1,2,3,4,5,6;
z equal 0 if y equal 0 and z equal 1 if y equal 1 to 6.
26. Marking according to claim 24, wherein said polymeric liguid
30 crystal composition is obtainable in the presence of a

chiral dopant according to formula (IB)
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Ce alkyl, CG-C alkoxy; Ai and A2 denote each independently a group: i ) -
[ (CH)y-Q z-C (O -CH=CH 2; ii) -C(O -D-0O0 [(CH2)y-0] z-C (0) -CH=CH
2; 1ii) -vwoQ0/HpZ9O [(CH2)y-0] z-C (0) -CH=CH 2; D i eemmresioasgudup D2
denotes a groupm, n, o, p, q, r , s, and t denote each independently
0O, 1, 2; y denotes 0,1,2,3,4,5,6; z equal O if y equal 0 and z equal 1
if yequal 1 to 6 . 26. Marking according to claim24, wherein said
polymeric liquid crystal conposition is obtainable in the presence of a
chiral dopant according to fornif{a (1B):1B) wherein R, R2, R3, R, R, Ry,
R and R denote each mde(fepndentl Ce alkyl , C - C alkoxy; A and A2
denot e each i ndependently s (CH2) y-Q z-C (O -CH=CHZ; i i

- Q9 - D-O [ (C) vy ' )-C(O)-DZ-O[(CHZ)
y-0] z-C (0) -CH=CH2; D de n, o, p,
q, r , s, andt dengte

wherein
5
Ri, Rz, Rs, Ry, Rs, Rg, R; and Rg denote each independently Ci-
Ce alkyl, C1-Cs alkoxy:
A; and A, denote each independently a group:
10
i) —-[(CHz)y-0]z-C(0)-CH=CHy;
1i) —-C(0)-D1-0O-[(CHy)y-0]z-C(0)-CH=CH,;
15 iii) -C(0O)-Dy-0O-[(CHy)y-0]z-C(0O)-CH=CH;;
D; denotes a group
(Rs)q
(RG)r
20 D, denotes a group
(R7)s
(Re);
m, n, o, p, g, r, s, and t denote each independently 0, 1,
25 2;
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2 ;y denotes 0, 1, 2, 3, 4, 5 6; z equal Oif y equal 0 and z equal 1 if vy
equal 1 to 6 . 5 27. Marking according to claim?25 and/or 26, wherein R,
R2, R3, R¥02RB/11Rg9 R 7 and R denote each i ndependent |y PCrAae2@blydsis 28.
Mar ki ng according to claim25 and/or 26, wherein R, R2, R3, R4, R5, Re, R
7 and R denote each independently G -C al koxy. 10 29. Marking according to
claim25 and/or 26, wherein A i and A2 denote each independently i ) - |
(CHR)y-g z-C (O -CH=CH 2; Ri, R2 R 3 and R4 denote each independently
Ci - C al kyl or denotes Koxy 2 @ndH6in . o, and p denote each independently
0, 1, 15 2 . 30. Mrking accordl ng to claim25 and/or 26, wherein A i and
A2 denot e eackduadependent legual) - @dOz <RQuad 1 (1ICHZ2) ypaOe 1z-ICHcOp .- CH=CH 2
and/or iii) -C (0) -D2-O [(CHR)y-J z-C (0) -CH=CH 2; and 20 R, R2, RS,
R4, R5, Re, R7 and R s denote each independently C- Ce alkyl or G-C
al koxys 231. MvarkinRg saceoaididtg 40 dheil a6 mendpoandbpr wBbrewherej Nkt her gl kyl
or al koxy group of R, R2, R3, R4, R5, Re, R7 and R s nmay 25 COTT‘EI’ISG 4 or
6 carbon at 6is. R32.R4/t &m 8PdaRt | $10 tare§Fihgl AP bhe @mr%l AgKHécor di ng
to one of the clainms 1 to 31. 30 33. Itemor article according to claim 32,
wherein said itemor article is chosen fromthe group of val ue docunents,
28. Marking according to claim 25 and/or 26, wherein R;, Rz, Rs,

R4, Rs, Rs, Ry and Rg denote each independently C1-Cs alkoxy.
10
29. Marking according to claim 25 and/or 26, wherein A; and A,
denote each independently i) —[(CHy)y-0]z-C(0O)-CH=CH,; Ry,
Ry, Rs and Ry, denote each independently C;-Cs alkyl or Ci-Cq
alkoxy; and m, n, o, and p denote each independently 0, 1,

15 2.

30. Marking according to claim 25 and/or 26, wherein A; and A,

denote each independently 1ii) -C(0)-D1-0O-[(CHy)y-0]1z-C(0O)~-

CH=CH, and/or iii) -C(0)-D;-0-[(CHy)y-0]z-C(0O)-CH=CH,; and

20 R:i, Rz, Rs, Rs, Rs, Rs, R; and Rg denote each independently Ci-
C¢ alkyl or C;-Cg alkoxy.

31. Marking according to the claims 25 and/or 26, wherein the
alkyl or alkoxy group of Ri, Rz, Ris, Rs, Rs, R¢, Ry and Rg may

25 comprise 4 or 6 carbon atoms.

32. 1Item or article carrying at least one marking according to

one of the claims 1 to 31.

30 33. Item or article according to claim 32, wherein said item or
article 1is chosen from the group of wvalue documents,
banknotes, passports, identity documents, driving licenses,
official permissions, access documents, stamps, tax stamps

and banderoles, transportation tickets, event tickets,
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banknot es, passports, identity docunments, driving |licenses, official

perm ssions, access docunents, stanps, tax stanps and banderol es,

t ranspor twoiz2or/tisg7ket s, event tickets,labels, foils, paekagirrgo/os{sase
parts, and consuner goods. 34. Use of a marking according to one of the
clainms 1 to 31 for tracking or tracing an itemor article. 5 35. Use
according to claim 34, wherein said itemor article is chosen fromthe
group of val ue docunents, banknotes, passports, identity docunents, driving
| i censes, ofﬂ@éﬁéﬁrpéﬁﬁﬂ§sl@ﬁ§ka@é@@85S@@é@néﬁﬁ§srs@@@p§on§@%@§t@ﬁﬁ@sand 10
banderoles transportation tickets, event tickets, |abels, foils,

packagi ng, spare parts, and consunmer goods. 36. N@thod for narking an item
or artidéde, Saied orfetahmm«immr iasicng dtimgy stoepsieofoflFha e lprims di ng &1 iffoem or
article to be marked; b ) Iy ng at | east one rking according to one of
the clains 1?@%&W%t&ﬂﬁ@ %@%éﬁ%ﬂ%ﬁ?ﬁ?‘ﬁ%theformof|nm0|a 20
37. Mgghod according to claim36, wherein the unique code represented by
the indicia is encrypted information, the nmethod conprising the step of
encrypt iy sais¢ iararnuerticn-o 3glavet bbd Toeraunheptficateig oan airttémler 1s

article, Sa'Q;QEJQPdf%% OQQT'SQQ%u%heo%teR%J%F 2 9o R Y "9 1 27, {500

article carrying a
passports, 1dent1ty documents, driving licenses, official

permissions, access documents, stamps, tax stamps and
10 banderoles, transportation tickets, event tickets, labels,

foils, packaging, spare parts, and consumer goods.

36. Method for marking an item or article, said method
comprising the steps of
15 a) providing an item or article to be marked;
b) applying at least one marking according to one of
the claims 1 to 31 onto the said item or article in

the form of indicia.

20 37. Method according to claim 36, wherein the unique code
represented by the indicia is encrypted information, the

method comprising the step of encrypting said information.

38. Method for authenticating an item or article, said method
25 comprising the steps of
a) providing an item or article carrying a marking
according to one of the claims 1 to 31;
b) illuminating the marking on said article or item
with at least one quality of light from at least one
30 light source;
c) detecting the said marking’s determined optical
characteristics through the sensing of light

reflected by the marking;
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according to one of the clainms 1 to 31; b ) illumnating the marking on
said article or itemwth at |east one quality of light fromat |east one
30 |ight woenoer15879) detecting the said nmarking' s deteroirmPdoiopsisesl
characteristics through the sensing of light reflected by the marking;d )
determining the items or article's authenticity fromthe detected optical
characteristics of the marking . 39. Method according to claim 38, wherein
t he marking conprises a cholesteric liquid crystal material, exhibiting
spectral ly sel eci vecterahagdanghe- depehdentot i ghtt relfd et isprtharie city

reflected |ight havi a ti n f..Gir I i 0 .
Met hod accordi ng tokg%g of cl aﬁgs%%&fo%gggc\%ﬁergﬁéﬁégggkﬁ%%t@gsoﬁ cg&les a
spectral ly sel ectiveakkghty.source. 41. Method according to claim40,
wherein said |light source is chosen fromthe group of ambient |ight,

i ncandescent |ight, laser diodes, light emtting diodes, and the |ight

sour ces FAvi i teRIPL RS 42.c1MIthod aceendiing the aRe 1A Ll@nP-i38 4 0

41, wherein the light source is chosen to emt in a spectral domain of the

group consi sti ng ogfo leéevilsi bl & (@A00L 700HMmSwavel ergtteyriathe neah1dpttiical

i nfrared (70%&%&£§¥ﬂhgﬁvekgﬂ%&nhv@,thevﬁ%&ing angle-dependent light
reflection, the reflected light having a particular sense
of circular polarization.

10

40. Method according to one of claims 38 to 39, wherein said

light source is a spectrally selective light source.

41. Method according to claim 40, wherein said light source is
15 chosen from the group of ambient light, incandescent light,
laser diodes, light emitting diodes, and the light sources

having color filters.

42. Method according to one of claims 38 to 41, wherein the
20 light source is chosen to emit in a spectral domain of the
group consisting of the visible (400-700nm wavelength), the
near optical infrared (700-1100nm wavelength), the far
optical infrared (1100-2500nm wavelength) and the UV (200-
400nm wavelength) region of the electromagnetic spectrum.
25
43. Method according to one of claims 38 to 42, wherein said
illuminating is performed by a light source chosen from the
group consisting of the unpolarized, linear polarized, left
circular polarized, and right circular polarized 1light

30 sources.

44, Method according to one of claims 38 to 43, wherein at

least two different said light sources are wused in
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optical infrared (1100-2500nm wavel ength) and the UV (200- 400nm

wavel ength) region of the el ectronmagnetic spectrum 43. Method according to
one of clwDrEs10385870 42, wherein said illum nating is perComreadolby4sas | i ght
source chosen fromthe group consisting of the unpol arized, |inear

pol ari zed, left circular polarized, and right circular polarized |ight
sources. 44. Method according to one of clains 38 to 43, wherein at |east
two different said |light sources are used inconjunction . 45. Method
accor di ng t o come UeICtelodi-m 38 to 44, wherein said detecting is perforned
using at |east one optical filter chosen fromthe group consisting of the

| inear polarizing, left circular polarizing, right circular polarizing
filters 4nd trehellecdcosoping pol arriezadforlsvint ches tod6i4 Metrthede aocaradiong
to claim45, wherei.n sajd ogtical filter is conbined with a _col rﬁffv%i&lter.
47. Method alEordimy o OnBS6f CEMaRme U5 02 6, Sitver &' aPPFé%iéﬁr) ter

di ffergent saithoepiid clonf idHergrange 4s66ibnigONbENEHEON inc48. Mthading,
according to one of clainms 38 to 47, wherein said detecting is perfornmed by
eye. 49. Met Hed tacdarcdileg ©o lenwe 26 %l &led 38 itre 42T Wedediyy igel  idéreedt i ng

I's performed fy 39 Ll8el 90y A¢8ei9% Q%Y R hes .

46. Method according to claim 45, wherein said optical filter

10 1s combined with a color filter.

47. Method according to one of claims 45 to 46, wherein at
least two different said optical filters are used in

conjunction.

15
48. Method according to one of claims 38 to 47, wherein said
detecting is performed by eve.
49, Method according to one of claims 38 to 47, wherein said
20 detecting is performed by an electro-optic detection
egquipment.
50. Method according to claim 49, wherein said electro-optic
detecting equipment is chosen from the group consisting of
25 the photocells, linear CCD 1image sensor arrays, 2-
dimensional CCD image sensor arrays, linear CMOS image
sensor arrays, 2-dimensional CMOS image sSensor arrays.
51. Method for identifying an item or article, said method
30 comprising the steps of

a) providing an item or article carrying a marking
according to one of the claims 1 to 31;

b) illuminating the marking on said article or item
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50. Method according to claim49, wherein said electro-optic detecting

equi pnent is chosen fromthe group consisting of the photocells, |inear CCD

i mge sernsonomrrasrs, 2- di mensional CCD i mage sensor ar pay&Ep2oionesns CMOS

i mage sensor arrays, 2-dinensional CMOS i mage sensor arrays. 51. Method for

identifying an itemor article, said nmethod conprising the steps of a )

providing an itemor article carrying a marking according to one of the

clains 1 to 31; b ) illumnating the marking on said article or itemwith at

| east one quality oFlifhght feeAtaPlFedstlong PifghtioSsuifeem @bt leaadi vt he

i ndicia representedlﬁﬁhghgoggggLng, deriving corresponding information; 5 d
n

) correlating the i romatron retrieved fromthe indicia of the marking

with informationcst oredinpg atdat aibdsejiae Jepbtsemied donfithwmt inerkomg,

deni al concerning tge items or article's identity. 10 52. Method according
to claim51, conpriSFhgVEHE FBFFﬁEPOEQéBgOFDEBFWQ%fPBating said item or

arti C|5_9 using thg) n’@b@@_@lé@%ﬁl’gdi et O i%ﬁai@i'cﬂi Usré)’g.ri@v&@- 3@55_0513_- tMat hod
according to one of clainms 51 to 52, wherein the indicia are read with the
hel p of an el ectro-épeieipmage the marking with information stored in a
data base;
e) obtaining confirmation or denial <concerning the
item’s or article’s identity.
10
52. Method according to claim 51, comprising the further step

of authenticating said item or article wusing the method

according to one of claims 38 to 50.

15 53. Method according to one of claims 51 to 52, wherein the
indicia are read with the help of an electro-optic image

Sensor array.

54. Method according to claims 53 wherein the electro-optic

20 image sensor array is chosen from the group consisting of
the linear CCD image sensor arrays, 2-dimensional CCD image

sensor arrays, linear CMOS image sensor arrays, and 2-

dimensional CMOS image sensor arrays.

25 55. Method according to one of c¢laims 51 to 54, wherein
information about the item or article 1s stored 1in the

database.

56. Method according to one of claims 51 to 55, wherein the
30 information exchange with the database takes place in

encrypted form.

57. Method according to one of claims 51 to 56, wherein the
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sensor array. 54. Method according to clainms 53 wherein the electro-optic
20 i mage sensor array is chosen fromthe group consisting of the |linear CCD
i mge sernsonoErriasrs, 2-di nensional CCD i nage sensor arr &@¢3/EPRo10est51CMOS

i mage sensor arrays, and 2- dinensional CMOS i mage sensor arrays. 25 55.

Met hod according to one of clains 51 to 54, wherein information about the
itemor article is stored in the database . 56. Method according to one of
clains 51 to 55, wherein the 30 information exchange wi th the database

t akes pl ace UAL1ENEr ypr@R FEPRESSZLCNethodtR cordiiAgat @ foneof MerkilRE 5F to

56, wherein j o nt by fndicia.qf th rki
encrypted in%%&#&Jﬁ%ﬁ{ ?ﬁ§°%§¥%§§§bo§gﬁiéwﬁgﬁ%%eg§§§%l§§“§e§¥§%t?Eggséﬁh

i nformati on. d&ca§pthkeiched ifdorintflrersedwne tracking or tracing of an item or
article, using a marking according to one of the clains 1 to 31, conprising

the first commutable steps of a ) applying a said marking to the item or

article sccondicn@d orone ot theolai FB236:149 3% dPabidgShering ipkarmation
related to the marked itemor article in a data base; and the second
comut abl e steeps cdfe c Ysigd henhpEatNagackerdtam dro @td cde hkeordirafst d one

to 31, comprising the first commutable steps of
a) applying a said marking to the item or article
according to one of the claims 36 to 37;
10 b) storing information related to the marked item or
article in a data base;
and the second commutable steps of
c) authenticating the item or article according to one
of the claims 38 to 50;

15 d) identifying the item or article, according to one of
the claims 51 to 57, using the information stored in
the data base;

and the optional step of
e) updating the data base with new information elements

20 related to the item or article.

59. Method according to claim 58, wherein said item or article
is chosen from the group of wvalue documents, banknotes,
passports, identity documents, driving licenses, official

25 permissions, access documents, stamps, tax stamps and
banderoles, transportation tickets, event tickets, labels,
foils, packaging, pharmaceutical products, spare parts, and

consumer goods.

30 60. Intermediate in the 1liguid c¢rystal state obtainable by
independently applying a liquid crystal precursor
composition to a substrate by a variable information

printing process and applying heat to both evaporate the
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of the clains 38 to 50; 15 d ) identifying the itemor article, according
to one of the clains 51 to 57, using the information stored in the data
base; andwoheloopss7’enal step of e ) updating the data ba®eTwP2il00es1s
information elenments 20 related to the itemor article. 59. Method
according to claim58, wherein said itemor article is chosen fromthe
group of val ue docunents, banknotes, passports, identity docunents, driving
i censes, official 25 perm ssions, access docunments, stanps, tax stanps and
bander ol es, tSCdiSPdrt aEPBRaENERet sl evéle ti tkersd | abeystat oj [Py ecursor
packagi ng, phar t.ical. pr ts, re .parts, o] r goods . 30
60. Interned?gi %ﬁ%fﬁg'ﬁﬁgh% gF;éizﬁgggét J%Efgﬁ%aaﬁegﬁgﬂgﬁdependentIy
applying a liquid crystal precursor conposition to a substrate by a

var i abl &1 .nf anrmtrinenl iprdent EBgoproagsstanc:lapph yiong beaprieibet ha evaparaat e

t hesol vent contained in the |iquid crystal precursor conposition and
promote the IGOQFF GAFSEAIst dtte L8 ientdrmedi at e according to clai m 60
conprising a chiral dopant according to fornula (1) . 62. A chiral dopant

according tof aiuylg Gb&a&@ %Q%k@%ﬂng to formula (I)

0]
(R‘I )m
(R3)0
0
A1\O \A2
(Rz)n
(R4)p
O I
(L)

10

wherein

Ri, Rz, Rs, Ry, Rs, Rg, R; and Rg denote each independently Ci-

Ce alkyl, C1-Cs alkoxy:
15

A; and A, denote each independently a group:

i) —-[(CHz)y-0]z-C(0)-CH=CHy;
20 1i) —-C(0)-D1-0O-[(CHy)y-0]z-C(0)-CH=CH,;

1ii) -C(0)-Dy-0-[ (CHy)y-0]z-C(0O)-CH=CHy;

D; denotes a group

(Rs)q

25 (RG)r

D, denotes a group
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R, R, R3, R, R, R6, R and R denote each independently C C6 alkyl , C
C6 al koxy; A and A2 denote each independently a group : 1 ) - [ (CH2) y-Q
)
a

z-C (O -wbkeH21158791 ) - C(O - D-O [ (CH) y-0] z-C eOYX/EPQHOGHE1S i | -
C(0) - D2-O [ (CH2) y-0] z-C (0) -CH=CH2; D denotes a group D2 denotes
groupm, n, o, p, g, r , s, and t denote each independently 0, 1,6 2

; y denotes 0,1,2,3,4,5,6; z equal O if y equal O and z equal 1 if y equal
1to6 . 63. Achiral dopant according to forrmula (IA) :1A wherein R, R2,
R3, R, R, R, R and R denote each(Rungependently Cr Ce alkyl , C- C

al koxy; A and A2 denote each independer a’group @ i ) - [ (CH) y-Q z-C
(O -CH=CH2; i1 i ) - O - D-O0 [ (CH 0] z-C (0) -CH=CHZ; iii ) -

C(0) - D2-O [ (CH2) y-0] z-C (0) -C ) denotes a groupD2 denotes a
groupm, n, o, p, g, r, s, and 4&e each independently 0, 1, 2
; y denotes 0,1, 2,3,4,5,6;

m, n, o, p, 9, r, s, and t denote each independently 0, 1,

y denotes 0,1,2,3,4,5,6;

z equal 0 if y equal 0 and z equal 1 if y equal 1 to 6.

10
63. A chiral dopant according to formula (IA)
0]
(R‘I )m
(R3)0
0
~
A
10 (R,). 2
(R4)p
O I
15 (IA)
wherein
Ri, Rz, Rs, Ry, Rs, Rg, R; and Rg denote each independently Ci-
20 Ce alkyl, C1-Cg alkoxy;
A; and A, denote each independently a group:
i) —-[(CHz)y-0]z-C(0)-CH=CHy;
25
1i) —-C(0)-D1-0O-[(CHy)y-0]z-C(0)-CH=CH,;
1ii) -C(0)-Dy-0-[ (CHy)y-0]z-C(0O)-CH=CHy;
30 D; denotes a group
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z equal O if y equal 0 and z equal 1 if y equal 1 to 6 . 64. A chiral
dopant according to fornmula (IB) :1B) wherein R, R, R, R, R, R, R and
R denot e wachiomependently Cr Ce al kyl , C - C al koxy; PATAPA1AD54beR Ot €
each independently a group :i ) - [ (CHR)y- z-C (O -CH=CH 2; ii) -C (O
-D1-O [(CH2)y-0] z-C (0) -CH=CH 2; iii) -C(0) -D2-O [(CH2)y-0] z-C (0)
-CH=CH 2; Di denotes a group 10 D2 denotes a group m, n, o, p, q, r ,
s, and t denote each independently 0, 1, 15 2 ; y denotes 0,1, 2, 3,4,5,6;
z equal 0 if y equal 0 and z equalele)qif y equal 1 to 6 . 20 65. A chiral
dopant according to claim63 or 64, wiereiw R, R2, R3, R4, R5, Re, R 7 and
R denote each i ndependently G -C alk 66. A chiral dopant according to
claim63 or 64, wherein R, R2, R3, Re, R 7 and R denote each

i ndependently C -C al koxy . 67. A chikal dopant according to claim®63 or
64, wherein Ai and 30 A2 denote ea i pdependently i ) - [(CH2)y-0] z-C
(0) -CH=CH 2; R1L,R2, R3 and R4 denote(regph i ndependently G -C al kyl or
G-C ’

D, denotes a group

(Ry)s
(R8)t
5
m, n, o, p, 9, r, s, and t denote each independently 0, 1,
2;
10 y denotes 0,1,2,3,4,5,6;

z equal 0 if y equal 0 and z equal 1 if y equal 1 to 6.

64. A chiral dopant according to formula (IB)

0]
(R‘I )m O
(R3)0
0
A1\O : " \Az
(Ry), A -
0
(R4)p
15 o ,
(IB)
wherein
20 R:i, Rz, Rs, Rs, Rs, Rs, R; and Rg denote each independently Ci-

Ce alkyl, C1-Cs alkoxy:

A; and A, denote each independently a group:
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al koxy; and m, n, o, and p denote each independently O, 1, 2 . 68. A
chiral dopant according to claim®63 or 64, wherein A i and A2 denote each

i ndependewol2g10/i13879C (O -D1-O [(CH2)y-0] z-C (0) - CHeCHEP2&m0mbs315ii1) -C
(0) -D2-O [(CH2)y-0] z-C (0) -CH=CH 2; and R, R2, R3, R, R5, Re, R7 and
R denote each independently C - C e alkyl or G -C al koxy. 69. A chiral
dopant according to claim63 or 64, wherein the al kyl or al koxy group of

R, R, R3, R4, R5, Re, R7andRma¥ corrprlse4or 6 carbon atons.
i) =[ (CHy)y-0]z-C (0O) -~CH=C

ii1) —-C(0)-D;-0-[(CH,)y-0]z-C (0O)-CH=CH;;
5 11i) —-C(0)-D;-0-[ (CHz)y-0]z-C (0O)-CH=CH;;

D; denotes a group

(Rs)q

(RG)r

10 D, denotes a group
(R7)s

(R8)t

m, n, o, p, g, r, s, and t denote each independently 0, 1,
15 2;

y denotes 0,1,2,3,4,5,6;

z equal 0 if y equal 0 and z equal 1 if y equal 1 to 6.
20
65. A chiral dopant according to claim 63 or 64, wherein Ri, Ry,
Rs, Ry, Rs, Rg, R; and Rg denote each independently C1-Cq
alkyl.

25 66. A chiral dopant according to claim 63 or 64, wherein R, Ry,
Rs, Ry, Rs, Rg, R; and Rg denote each independently C1-Cq

alkoxy.

67. A chiral dopant according to claim 63 or 64, wherein A; and

30 A, denote each independently 1) -[(CH,)y-0]1z-C(0)-CH=CH,; Ri,
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68.

69.

Ry, Rs and Ry, denote each independently C;-Cs alkyl or Ci-Cq
alkoxy; and m, n, o, and p denote each independently 0, 1,

2.

A chiral dopant according to claim 63 or 64, wherein A; and
A, denote each independently ii) —-C(0)-D;1-0-[ (CHy)y-0]z-C(0O)-
CH=CH, and/or iii) -C(0)-D;-0-[(CHy)y-0]z-C(0O)-CH=CH,; and
Ri, Rz, Rs, Ry, Rs, Rg, R; and Rg denote each independently Ci-

C¢ alkyl or C;-Cg alkoxy.

A chiral dopant according to claim 63 or 64, wherein the
alkyl or alkoxy group of Ri, Rz, R3, Rs, Rs, Rgs, Ry and Rg

may comprise 4 or 6 carbon atoms.
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