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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
SUPERINTENDENTE DE INDUSTRIA Y COMERCIO
E. ' S. , D.

Re: ~ Expediente No.13-274.199
Solicitud de patente a nombre de SICPA HOLDING S.A.

Yo, SILVANA MARIA LOPEZ DIAZ, identificada como aparece al pie de mi firma,
domiciliada en la catrera 11 A No. 86-53, piso 6, y actuando como apoderada segin
documento de poder presentado el 4 de abril de 2014 de SICPA HOLDING S.A,,
domiciliados en Prilly, Suiza, solicitante de la patente de la referencia, interpongo recurso de
reposicion contra la resolucién No. 616 emitida el 15 de enero de 2015 por el
Superintendente de Industria y Cometcio, por medio de la cual se niega el privilegio de
patente de invencién para la solicitud contenida en el expediente de la referencia.

Con fundamento en la facultad que confiere el articulo 34 de la Decisiéon 486 al
solicitante para modificar la solicitud de patente en cualquier momento del tramite,
presento junto con este memorial un nuevo capitulo reivindicatorio, el cual consta de
16 reivindicaciones y reemplaza completamente el capitulo presentado anteriormente.

Cabe aclarat que el nuevo capitulo reivindicatorio que consta de 16 reivindicaciones y la
materia contenida en dichas reivindicaciones cotresponde a la misma matetia de las
reivindicaciones allegadas el 25 de noviembre de 2014 en respuesta al oficio No. 10833
notificado por fijacién en lista el 2 de septiembre de 2014, con la diferencia que se
modificé la antigua reivindicacién 1 para incluir las caractetisticas técnicas descritas en
las antiguas reivindicaciones 4 y 5 y asi definir de una forma mas clara y especifica la
marcacion reclamada. Adicionalmente, se eliminaron las antiguas reivindicaciones 15 a
27 con el fin de eliminar expresiones relacionadas con resultados a alcanzar.

Es pertinente aclarar que las caractetisticas consideradas por el examinador en la
resolucién impugnada No. 616 del 15 de enero de 2015 como caracteristicas
funcionales (“gue exchibe un conjunto inicial de propiedades dpticas”, “que dan Iugar a un estado
colestérico de la compostcion precursora de cristal liguido quiral’, “que cambia una longitud de onda
mdscima de una banda de reflexion selectiva (Amax) exchibida por la composicion de polimero comparada
con una longitud de onda mdxima de una banda de reflexiin selectiva (Amax) exhibida por una
composicion de polimero que no contiene la sal’, “que tiene un estado inicial de cristal lignido quiral
después de calentarla”, “siendo el primer agente modificador capaz, de modificar un estado inicial de
cristal liguido quiral de la compokz'cz'o’n”, “para levar la misma a un primer estado de cristal liguido
quiral modificado en las una o mds primeras dreas y al estado inicial de cristal liguido quiral en todas
las restantes dreas,-en su caso, de la composicion aplicada”, y (1) que modifica localmente los estados
inicial y/o primero del cristal liguido quiral modificado proporcionados por b), o (2) que modifica
localmente los estados inicial y/ o primero del cristal liguido quiral proporcionados por b) después del
calentamiento de la composicion” y “para producir una marcacion del polimero de cristal liguido en el
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articulo o sustrato”) e incluidas en las antiguas reivindicaciones 1y 31 (que corresponden a
las nuevas reivindicaciones 1 y 16, respectivamente), corresponden en realidad a
caractetisticas técnicas que explican propiedades esenciales de la marcacién y el método
reclamados. o

En este sentido, a la luz de las modificaciones al capitulo reivindicatorio y las
aclaraciones antetiotes, el solicitante manifiesta que el nuevo capitulo reivindicatotio
cumple con los lineamientos establecidos en el articulo 30 de la Decisién 486,/00.

Atentamente nos permitimos decir que se adjunta recibo por tasa de modificacién y no
por reivindicaciones adicionales, toda vez que el nuevo capitulo reivindicatorio que
contiene 16 reivindicaciones tiene menor nimero de cliusulas que el originalmente
presentado y es en esencia el mismo pero més limitado y definido con mayor claridad.

1. = FUNDAMENTOS DEL RECURSO

Mi mandante se permite manifestar a ese despacho que se reafirma en todos y cada uno
de los argumentos que hacen patte integrante de la respuesta al oficio No. 10833
notificado por fijacién en lista el 2 de septiembre de 2014, presentada ante ese
Despacho el 25 de noviembre de 2014.

En relacién con los atgumentos presentados por ese despacho en la resolucién
impugnada No. 616 emitida el 15 de enero de 2015, es necesario sefialar que carecen de
un enfoque adecuado de conformidad con las normas, jutisprudencia y reglas técnicas
que existen para evaluar el nivel inventivo de una invencién.

11  Laindebida interpretacion del articulo 18 de la Decisién 486/00

Es deseo del solicitante presentar argumentos contta las declaraciones de esa
Superintendencia indicando como primera medida que el examinador no realizé una
adecuada- interpretacién del articulo 18 de la Decisién 486/00 y parte de premisas
erradas, en cuanto a la supuesta obviedad de la materia objeto de la presente invencién,
realizando un equivocado analisis del requisito en cuestién, para finalmente negar sin
justificacién la patente para la solicitud en comento.

En este sentido, volvemos sobre el particular que el articulo 18 de la Decisién 486/00
determina que “una invencion tiene nivel inventivo, si para una persona del oficio
normalmente versada en la materia técnica correspondiente, esa invencion no_hubiese
resultado obvia ni se hubiese derivado de.manera evidente del estado de la téenica”. (El subtayado es
nuestro). o

Lo anterior significa que el analisis de nivel inventivo NO es una compatacién de los
objetos de las anterioridades y la solicitud en estudio. El analisis de nivel inventivo
debe demostrar la obviedad de la invencién y establecer c6mo ésta no contiene un
salto cualitativo, que demuestte su altura inventiva, teniendo en cuenta que se hace
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necesario demostrar que la invencién analizada carece de nivel inventivo y hubiese
sido obvia para una persona versada en la matetia.

Considerando - la definicién anteriot, el solicitante desea se tengan en cuenta los
siguientes ‘argumentos asi como los argumentos inicialmente presentados en el
expediente, los cuales dan sopotte a los dichos siguientes argumentos y demuestran que
la solicitud de la referencia cumple con todos los requisitos de patentabilidad.

En la resolucién impugnada se establece la falta de nivel inventivo de las antiguas
retvindicaciones 1 a 31 a la luz las ensefianzas técnicas descritas en los documentos US

2009/0059158 (D1) y WO 2010/115879 (D2).

A este respecto, es deseo del solicitante reiterar que el examinador estd realizando un
analisis equivocado de las enseflanzas descritas en los documentos D1 y D2 al
compararlo con la marcacién y método descrito en la presente solicitud.

El documento D1 describe un dispositivo de difusién 6ptica que comptrende un
material base y una capa de polimero de cristal liquido colestético que se propotciona
sobte el material base y que estd compuesto de una pluralidad de regiones de difusién
colocadas en un plano, en donde el angulo de difusién de una de las regiones de
difusién de la capa de polimero de cristal liquido colestérico es diferente del dngulo de
difusién de otra de las regiones de difusion.

Sin embargo, aunque documento- menciona en una modalidad areas sobre el sustrato
que tienen una capa de control de difusién, dichas 4reas de difusién provienen en su
totalidad de la misma naturaleza, mientras en la presente marcacién y método, presenta
una capa o patréon que comprende dos dreas distintas que provienen de distinta
naturaleza, especificamente de un primer agente modificador y de un segundo agente
modificador (como se describe en el capitulo desctiptivo). Asi, las primeras dreas y las
segundas 4reas del patrén al provenir de distintos tipos de agentes modificadores,

tienen distintas propiedades opticas y por tanto, distintas caracteristicas técnicas.

En relacién con el documento D2, este describe una marcacién que tiene como
precursores compuestos nematicos, compuestos quirales y sales. Las ensefianzas
técnicas descritas en este documento no solucionan las deficiencias del documento D1
en comparadén con la marcacién y el método reclamados.

En relacién con el argumento del examinador indicando que “dichos agentes modzficadores
estdn expresados como caracteristicas funcionales y no como caracteristicas técnicas estructurales y por lo
lanto no presentan diferencia al no indicarse la estructura que poseer”’, es deseo del solicitante
aclarar que en el capitulo descriptivo se detalla las caracteristicas técnicas especificas de
los agentes modificadores. De esta forma, para una persona del oficio normalmente
versada en la técnica es posible establecer las diferencias entre el primer agente
modificador y el segundo agente modificador y por tanto de las primeras y segundas
areas de la.capa o patrén de la marcacidn reclamada.

Por lo anterior, no es posible afirmar que una persona del oficio normalmente versada
en Ja técnica hubiera podido a partit de las enseflanzas técnicas descritas en los
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documentos D1 y D2 derivar en forma obvia el marcado descrito en la reivindicacién 1
y le método para propotcionar un marcado descrito en la nueva reivindicacién 16, con
TODAS sus caractetisticas técnicas. De esta forma, es clato el paso inventivo que
significé para el solicitante el desarrollo de la presente invencién.

En consecuencia, se manifiesta que las reivindicaciones 1 a 16 tienen nivel inventivo en
concordancia con los lineamientos desctitos en el articulo 18 de la Decisién 486/00.

Adicional a lo antetior, es deseo del solicitante indicar que la solicitud de patente
equivalente en Estados Unidos -de América ha sido concedida por la Oficina
Estadounidense de Patentes y Marcas (USPTO) bajo el nimero US 8,821,756 B2. Se
adjunta al presente memorial copia de la patente No. US 8,821,756 B2.

Asi, aunque el solicitante reconoce el principio de independencia de cada Oficina de
Patentes, resulta sorprendente que otras Oficinas hayan reconocido el cumplimiento de
los requisitos de patentabilidad de la presente invencién, mientras unicamente la
Oficina de Patentes en Colombia se aparta del ctiterio unanime de tales Oficinas,
siendo la novedad, el nivel inventivo y la aplicacién industrial conceptos universales.

Teniendo en cuenta lo dicho anteriormente, solicito a usted lo siguiente:

2) Que de conformidad con lo previsto por los articulos 3, 42 y 80 del Cédigo de
Procedimiento Administrativo y de lo Contencioso Administrativo se consideren y se
resuelvan TODOS los argumentos y TODAS las cuestiones planteadas asi como las
que aparezcan con motivo de este recurso,

b) Que se fevoque la resolucién No. 616 del 15 de enero de 2015 expedida por el
Superintendente de Industria y Comercio, y se proceda a conceder el privilegio de
patente de invencién a la solicitud de mi mandante

Sefior Superintendente,

| !
SHLVANAMARIA TOPEZ DiAZ
C.C. 22468787 de Barranquilla
T.P 147463 del CSJ |

notificaciones@clarkemodet.com.co
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ANEXOS

- Nuevo capitulo reivindicatotio que contiene 16 reivindicaciones
- Patente NO. US 8,821,756 B2. “Substrate with a modified liguid cristal polymer
marking’

I\
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DIRECCION DE NUEVAS CREACIONES
MODIFICACIONES Y/O CORRECCIONES

1. Identificacion del Tramite
[_]Error material ' Modificacion a una Solicitud en tramite
Patente de Invencion
___| Patente de Modelo de Utilidad
[_] Registro de Disefio Industrial
[_] Esquema de Trazado de Circuitos Integrados
2. Datos del solicitante
Persona Natural Persona Juridica X
SICPA HOLDING SA
Nombre o denominacion / Nombre o razon social completa
Nombre representante legal
Tipo de empresa Micro Pequefa Mediana Otra
Documento de identificacién: DC.C. |jC.E. I__JNIT D Otro  Nimero
Nacionalidad/Pais de constitucién Direccién y domicilio del titular Ciudad
" SUIZA v - Avenue de Florissant 41, CH-1008 Prilly, Suiza
Direccion electrénica - No. Fax Nudmero telefénico
EI * Autorizo expresamente a la .Superintendencia de Industria y Comercio para que todas las
comunicaciones sean enviadas a través de la direccion de correo electrénico
3. Datos del apoderado:
SILVANA MARIA LOPEZ DiAZ .C.C. 22.468.787 147463 CSJ
Apellidos y Nombre ’ Documento de identificacion Tarjeta profesional

Direccién y domicilio . Ciudad

Carrera 11 No. 86-53, Piso 6, Bogota D.C., Colombia Bogota D.C.
Direccion electrénica - . No. Fax Namero telefénico
notificaciones@clarkemodet.com.co 6350824 6181088

En caso de haber presentado poder general para asuntos que se adelanten ante la Delegatura de Propiedad Industrial,
sirvase indicar el nimero de su radicacion o protocolo de poder general

X0

P-4150




Datos del tramite

Correccion:

Expediente No. 13-274.199

Aparece

Debe ser

Modificacion:

Presentacion Solicitud Divisional.

Modificacion al capitulo descriptivo.

[ ]

Modificacion al capitulo Reivindicatorio
Presento junto con este Recurso nuevo capitulo reivindicatorio el cual consta de 16

reivindicaciones y reemplaza completamente el capitulo presentado anterior.mente.

Modificacion al resumen.

[ ]

Modificacién a los dibujos.

]

Modificacion al solicitante.

5. Anexos

E Comprobante de pago de la tasa para la presentacion de la correccion y/o modificacion

I:l Poder, si fuere el caso.

- Documento que contiene las modificaciones o correcciones.

|____| Copia de la solicitud y sus anexos en formato magnético.

6. Firma

< SILVANA MARIA LOPEZ DIAZ \
C.C. 22.468.787 de Barranquilla

T.P 147463 del CSJ
notificaciones@clarkemodet.com.co
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REIVINDICACIONES

1. . Una marcacién en Uh;_a‘rtiCUIo o sustrato, en donde la marcaciéon comprende
una vcép,a o patrén de una Cdm;posicién de polimero de cristal liquido quiral que
exhibe un 'c._oh'jgn‘to inicial d;e.pro‘piedades opticas y se fabrica por curado de una
compo_siciéh precursora de cristal liquido quiral en un estado de cristal liquido quiral,
en donde la composicion pré_;i:rs,ora de cristal liquido quiral comprende
| (i) uno o mas cofnpuveSth' nematicos A,

v(ii) u"‘no’o mas compué‘étds dopantes quirales B que dan lugar a un estado
' colesterlco de la. composmon precursora de crlstal hqmdo quiral, y

(m) una sal que cambla una longitud de onda maxima de una banda de
reflexion selectiva (Amax) exhlblda por la composicién de polimero comparada con
unanlonvgitljd*de.bnda méaxima de una banda de reflexion selectiva (Amax) €xhibida
por una composncuon de pollmero que no contiene la sal y en donde la capa o patron
comprende _ ‘ S

(1) una 0 mas prlmeras areas que exhiben un primer conjunto modlflcado
de propledades Opticas que es’ diferente del conjunto inicial de propiedades opticas;

_ (2) una o mas segundas areas que exhiben un segundo conjunto

modificado - de_ propiedades optlcas que es diferente del conjunto inicial de
propiedades. 6ptic‘a‘s y difér"ente"del primer conjunto modificado de propiedades
opticas; | L

en donde el lmmal prlmer y segundo conjuntos de propiedades opticas

dlfleren con respecto a una propiedad de espectro; polarizacion Y Amax dela

luz reflejada por |a-composuc1on de polimero de cristal liquido-quiral.

2. - Lamarcacion de la reivindicacién 1, en donde una primera area esta parcial
o completamente solapada por una segunda area y/o una segunda area esta parcial

o completamente solapada por-una primera area.

3. La marcacion de Ia'réivin_dicacién 1, en donde una primera area no esta
solapada por ninguna segunda area y/o una segunda area no esta solapada por

ninguna primera area,

4. - L_a‘ marcacion de la féi\)i_nd'icacién 1, endonde los conjuntos de propiedades
Gpticas iniciales primero y segundo comprenden una propiedad que es indicativa de

un estado dpticamente anisétropo de la composicién de polimero de cristal liquido



quiral y/o es indicativa de una conversion de un estado opticamente anisoétropo a un

estado 6pticamente isétropo.

5  lLa marcamon de. Ia reIV|nd|caC|on 1, en donde los uno 0 mas compuestos
nematicos A asn como los uno 0 mas compuestos dopantes quirales B comprenden

un compuesto que comprende un grupo polimerizable.

6. ~ La marcacion de la reivindicaciéon 5, en donde el grupo polimerizable

comprende un enlace carbono-carbono insaturado.

7. - La marcacion de la reivindicacion 5, en donde el grupo polimerizable

comprendeAun grupo de féf’rhula H,C=CH-C(O)-.

8. La 'ma_fcacién de la reivindicacién 1, en donde la totalidad de los uno o mas
compuestoé -ne'métic_os_A‘y_- la totalidad de los uno o mas compuestos dopantes

quirales B comprenden un grupo polimerizable.

9. La _rharcacién de la reivindicacion 1, en donde la composicién precursora

de cristal lqu_jidQ quiral com.prende un compuesto dopante quiral B de formula (1):

| )
en donde:

R4, Rz, Rs, R4 R5, R5, R7y Rg denotan cada uno independientemente C1-Ce alquilo

oy Ci- Ce a|COX|

Ay Az denotan cada uno mdependlentemente un grupo de formula (i) a (iii):
M [(CHz)y -01,-C(O)- CH =CHy;

(ii) ' C(O) -D4-0- [(CHz)y O]Z C(0)- CH=CH2;

(i) -C(O)- Dz-O [(CHz)y-01-C(0)-CH=CH;;

D, denota ,__un_ gru-po de form_ula o



D, denota un grupo de férmplé -

(Ry)

m, n, 0, p, q,_r._,' s,'y t denotah‘_cada uno independientemente 0,1, 6 2; y denota 0, 1,2,
3,4,5,066; '

zesigualaOsiy es igual a"'O-,‘ y z es- iguala 1siyesiguala1aé.

10. . . La marcacién de Ia,réivindicacién 1, en donde la sal se selecciona de sales

metalicas y.sales de amonio.

1'1. - La 'ma-r:cacic')n de |fé-"rei§)i'ndicacién 10, en donde la sal comprende una de
perclorato de I|t|o nitrato de I|t|o ‘tetrafluoroborato de litio, bromuro de litio, cloruro
de Iltlo perclorato de tetrabutllamonlo cloruro de tetrabutilamonio, tetrafluoroborato
de tetrabutllamonlo bromuro de tetrabutllamonlo carbonato de sodio, cloruro de

sodio y nitrato de SOdIO

12. . La marcacién de |a rewmducacnon 1, en donde la composicion precursora
de cristal IIQUIdO quiral se encuentra en un estado opticamente anisotropo y en
donde en las una o mas. pnmeras- areas el estado 6pticamente anisétropo se
cambia’ a un- prlmer estado optlcamente anisotropo modificado, y/o en las una o
mas. segundas areas el estado bpticamente anisétropo se cambia a un segundo
estado optlcamente anlsotropo modlﬂcado 0 se conwer’te en un estado opticamente

isétropo. .

13. - La marcacion de la reivindicacion 1, en donde las una o mas primeras
areas y/O'Ia’s unao mas s”‘egu’nda’s areas se encuentran en una forma de uno de una
|magen una fotograﬂa un Iogotlpo una indicacion.y un patrén que representa un

codigo seleccuonado de uno o 'mas de un codigo de barras unidimensional, un



codigo de barras unidimensional solapado, un codigo de barras bidimensional, un
codigo de barras tridimensional, una nube de puntos, una red de lineas y una matriz
de datos. '

14.  Lamarcacion de la reivindicacion 1, en donde una parte de la capa o patron
de la compOSicién precursofa de cristal liquido quiral se encuentra en una forma de
uno' de una imagen, una fotografia un logotipo, una indicacién, y un patron que
representa un codigo seleccionado de uno o mas de un codigo de barras
unldlmensmnal -un codigo de barras unidimensional solapado, un cédigo de barras
bldlm_ensmnal_,- un codigo de barras tridimensional, una nube de puntos, una red de

lineas y una matriz de-datos. -

15. - 'LaAmarcacién-de'Ia reivindicacion 1, en do'nde el articulo o sustrato es o
comprende un_d'de- una eﬁqueta, un paquete, un cartucho, un recipiente o una
cépsmaque contiene alimentos, nutrientes farmaceuticos, férmacos, o bebidas, un
billete de banco una tarjeta de crédito, un timbre, una etiqueta de impuestos, un
timbre ant:manlpulamon un documento de seguridad, un pasaporte, una tarjeta de
: |dent|dad un permiso de conduccion, una tarjeta de acceso, un billete de
transporte un blllete de espectacu|o un vale, un film de transferencia de tinta, un

film r_eﬂectante, unalamma-de!gada de aluminio, y un articulo de comercio.

16.. -Un metodo de propormonar una marcacién en un articulo o sustrato, en
donde el metodo comprende
ca) apllcar sobre’ una superﬁme de un articulo o sustrato, que lleva un
prlmer agente modlﬁcador en una O mMAs primeras areas, una
"V"composmlon precursora de cristal ||qu1do quiral curable que tiene un
B 'estado |n|C|aI de- crustal liquido quiral después de calentarla de tal
manera que Ia composucuon cubre una parte de las una o mas
",prlmeras _areas,_ S|endo el primer agente modificador capaz de
B '-'_;h'\odifica'r un é_Sté‘do inicial de cristal liquido quiral de la composicion;
b). 'c::a|ehtar la c"o"bmposicién aplicada para llevar la misma a un primer
- estado de cristal liquido quiral modificado en las una o mas primeras
_éréas y al esfédo inicial de cristal liquido quiral en todas las restantes
| Aéfe_as,'en su 'Césd-;_'de la composicion aplicada;
Q) ‘,apl_icar a unafo‘ mas segundas areas de la composicion aplicada un
o '_ségund"o agente modificador que es de un tipo diferente que el primer

“agente modificador y (1) que modifica localmente los estados inicial



- areas;y

e)

| ’_y/d primero del c_;ri'stal liquido quiral modificado proporcionados por b),

o'.(2) que modifica localmente los estados inicial y/o primero del cristal

~liquido quiral proporcionados por b) después del calentamiento de la
~ composicion;

- enel caso de (2), calentar la composicion en las una o mas segundas

_curar/polimerizar la composicién total precursora del cristal liquido
'~ quiral modificada para producir una marcacion del polimero de cristal

- liquido en el articulo o sustrato.
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SUBSTRATE WITH A MODIFIED LIQUID
CRYSTAL POLYMER MARKING

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims the benefit under 35 U.S.C.
§119(e) of U.S. Provisional Application Nos. 61/490,949,
filed May 27, 2011 and 61/492,171, filed Jun. 1, 2011, and
claims priority under 35 U.S.C. §119 of EP 11168536.8, filed
Jun. 1, 2011, The entire disclosures of these applications are
expressly incorporated by reference herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a marking on an item or
substrate, which marking is based on a chiral nematic (also
called cholesteric) liquid erystal precursor composition. Prior
to curing the chiral liquid crystal precursor composition in the
chiral liquid crystal state at least one optical property exhib-
ited by the composition is modified by two modifying agents
of different types in at least one area of the item or substrate,

2. Discussion of Background Information

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

Many solutions have been proposed to make counterfeiting
impossible or at least very difficult and/or costly, for example
RFID solutions and the use of invisible inks.

More recently, a security feature has emerged and is used to
authenticale a genuine product such as a drug and to avoid
counterfeiting. This technology 15 based on optically variable
inks. Its principle is based on the difference in observable
color of a marking made with optically variable inks when a
packaging, securily document, ete, carrying the marking is
viewed from different angles (“viewing-angle dependent
color™).

Optically variable inks provide first-line recognizability
not only by a person, but also facilitate machine-readability.
Many patents describe this kind of security products, their
composition and their application. One example of the many
types of optically variable inks is the class of compounds
called cholesteric liquid crystals. When illuminated with
white light, the cholesteric liquid crystal structure reflects
light of a certain color which depends on the material in
question and generally varies with the viewing angle and the
temperature. The cholesteric material itself is colorless and
the observed color is the result of a physical reflection effect
at the cholesteric helical structure that is adopted by the chiral
liquid crystal precursor composition at a given temperature.
See, e.g., J. L. Fergason, Molecular Crystals, Vol. 1, pp.
293-307 (1966), the entire disclosure of which is incorporated
by reference herein.

EP-A-1381 520 and EP-A-1 681 586, the entire disclo-
sures of which are incorporated by reference herein, disclose
a birefringent marking and a method of applying the same in
the form of a liquid crystal layer having a non-uniform pattern
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of regions of different thickness. The applied liquid crystal
coating or layer may provide for a hidden image on a reflect-
ing substrate, which image is invisible when viewed under
non-polarized light but is rendered visible under polarized
light or with the help of a polarization filter.

1.S. Pat. No. 5,678,863, the entire disclosure of which is
incorporated by reference herein, discloses means for the
identification of documents of value which include a paper or
polymer region, said region having a transparent and translu-
cent characteristic. A liquid crystal material is applied to the
region to produce an optical effect, which differs when
viewed in transmitted and reflected light. The liquid crystal
material is in liquid form at room temperature and must be
enclosed in a containing means such as microcapsules in
order to be suitable for use in a printing process such as
gravure, roller, spray or ink jet printing,

The ordered liquid crystalline state depends upon the pres-
ence ofa chiral dopant. Nematic liquid crystals without chiral
dopant show a molecular arrangement that is characterized by
its birefringence. Nematic polymers are known from, e.g.,
EP-A-0 216 712, EP-A-0 847 432, and U.S. Pat. No. 6,589,
445, the entire disclosures of which are incorporated by rel-
erence herein.

As mentioned above, the liquid crystal based security fea-
ture provides first-line recognizability by the consumer and
also by retailers and producers of goods and articles. Like for
many other security features which are used in the market,
there is always the temptation for counterfeiters to reproduce
these security features and thereby mislead consumers and
retailers. In view of the foregoing facts, there continues to be
a need to improve the security of liquid crystal polymer
materials based on liquid crystal precursors.

One possibility of enhancing the security level of a chiral
liquid crystal polymer film would appear to be superposing a
code in the form of a pattern, indicia, a bar code, etc. on the
liquid crystal polymer film. However, there is always a risk
that a counterfeiter tampers with the code and manually
applies it onto the liquid crystal polymer film.

A second possibility of overcoming this problem is to
insert the code inside the liquid crystal polymer film. For
example, U.S. Pal. No. 6,207.240, the entire disclosure of
which is incorporated by reference herein, describes an ellect
coating of a cholesteric liquid crystal polymer (CLCP) with
viewing angle dependent reflection color that further com-
prises absorption type pigments exhibiting a specific absorp-
tion color. A marking, such as a symbol or a text, is generated
in the CLCP coating by laser irradiation. The laser radiation
carbonizes the CLCP material in the irradiated area. As a
result, the color of the substrate on which the CLCP is coated,
or the color of absorption pigments incorporated into the
CLCP, becomes visible in the irradiated area. However, the
method requires high-power lasers to carbonize the material
and to make the markings visible,

Another possibility is described in US 2006/0257633 Al,
the entire disclosure of which is incorporated by reference
herein, which is applied not only to liquid crystal polymers
but to polymers in general. The method consists of applying
a permeating substance 1o a predetermined region on the
surface of the polymer substrate and bringing a supercritical
fluid into contact with the surface of the polymer substrate to
which the permeating substance has been applied to cause the
permeating substance to permeate into the polymer substrate,
The method makes it possible to selectively (partially)
modify a portion of the surface of the polymer. However, lor
industrial processes where a high marking speed for a large
number of items is required the method is complex and
expensive to implement.
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One of the drawbacks of the methods cited above is the Jack
of ability to modify the chiral liquid crystal polymer layer in
a selective and controlled manner and to create a strong and
reliable marking or coding that is difficult, if not impossible,
to reproduce and also is compatible with a production line
(processes for making items such as passports, packaging,
elc.).

SUMMARY OF THE INVENTION

The present invention provides a marking on an item or on
a substrate. The marking comprises a (continuous or discon-
tinuous) laver or a pattern of a chiral liquid crystal polymer
composition that exhibits an initial set of optical properties
and is made by curing a chiral liquid crystal precursor com-
position in a chiral liquid crystal state. The layer or pattern
comprises

(1) one or more first arcas exhibiting a first modified set of

optical properties that is different from the initial set of optical ,

properties and is obtainable by contacting the chiral liquid
crystal precursor composition in the ane or more first arcas
with a first modifying agent;

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

In one aspect of the marking, at least one of the one or more
first arcas may be partially or completely overlapped by at
least one second area and/or at least one of the one or more
second areas may be partially or completely overlapped by at
least one first area.

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

In yet another aspect of the marking of the present inven-
tion, the initial and the first and second modified sets of
optical properties may differ with respect to al least one
property of light that 1s reflected by the chiral liquid crystal
polymer composition. For example, the at least one property
may be selected from one or more of the spectrum, the polar-
ization, and h ., of the reflected light.

In a still further aspeet of the marking, the initial and the
first and second modified sets of optical properties may com-
prise at least one property that is indicative of an optically

anisotropic state of the chiral liquid crystal polymer compo- :

sition.

In another aspect, the chiral liquid erystal precursor com-
position may comprise (i) one or more nematic compounds A,
(ii) one or more chiral dopant compounds B that are capable
of giving rise to a cholesteric state of the chiral liquid crystal
precursor composition, and (iii) at least one salt that changes
a maximum wavelength of the selective reflection band
(A,...) €xhibited by the polymer composition compared to a
maximum wavelength of the selective reflection band (4.,,,,)
exhibited by a polymer composition that does not contain the
at least one sall.

In one aspect, the one or more nematic compounds A as
well as the one or more chiral dopant compounds B may
comprise at least one compound that comprises at least one
polymerizable group. The at least one polymerizable group
may comprise, for example, an unsaturated carbon-carbon
bond such as a group of formula H,C—=CH--C(O)—.
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In another aspect, the one or more nematic compounds A
and all of the one or more chiral dopant compounds B may
comprise at least one polymerizable group.

In yet another aspect, the chiral liquid crystal precursor
composition may comprise at least one chiral dopant com-
pound B of formula (I):

{
(Ri }w
>
‘
; (R] }o 0
A~y QN \Az
-
P

wherein:
R;, R,, Ry, Ry, Ry, Ry, R; and R each independently denote
C,-C; alkyl and C,-C alkoxy;
A, and A, eachindependently denote a group of formula (i) to
(iii):

—[(CH;)y-0),—C(0)—CH=CH,: (@

—C(0)-D;-0—[(CH,),—0].—C(0)—CH=CHj; (ii)

—C(0)-D;-0—[(CH,),—0].—C(0)—CH=CH;: (iii)

D, denotes a group of formula

(Rs),
XY

==

(Rg)r

D, denotes a group of formula

(R,

\//

(R

m, n, 0, p, q, I, $, and t each independently denote 0, 1, or 2;
y denotes 0, 1, 2,3, 4, 5, or 6;
z equals 0 i y equals 0 and z equals 1 if y equals 1 to 6.

In another aspect. the at least one salt may be selected from
metal salts and ammonium salts. For example, the at least one
salt may comprise at least one of lithium perchlorate, lithium
nitrate, lithium tetrafluoroborate, lithium bromide, lithium
chloride, tetrabutylammonium perchlorate, tetrabutylammo-
nium chloride, tetrabutylammonium tetrafiuoroborate, tet-
rabutylammonium bromide, sodium carbonate, sodium chlo-
ride, and sodium nitrate, In an other aspect, the at least one salt
may comprise lithium perchlorate.

In another aspect of the marking of the present invention,
the chiral liquid crystal precursor composition may be in an
initial optically anisotropic state and in the one or more first
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areas the initial optically anisotropic state may be changed o
a first modified optically anisotropic state, and in the one or
more second areas the initial optically anisotropic state may
be changed to a second modified optically anisotropic state or
converted to an optically isotropic state.

In another aspect, the chiral liquid crystal precursor com-
position may be in an initial chiral liquid crystal state and in
the one or more first areas the initial chiral liquid crystal state
may be changed to a first modified chiral liquid crystal state
by the first modifving agent, and in the one or more second
areas the initial chiral liquid crystal state may be changed to a
second modified chiral liquid crystal state or may be changed
to a non-chiral liquid crystal state by the second modifying
agent.

In yet another aspect of the marking of the present inven-
tion, the first modifying agent may be solid and/ar semi-solid
and the second modifying agent may be fluid and/or the first
modifying agent may be virtually unable to penetrate the
chiral liquid crystal precursor composition and the second
modifying agent may at least partially penetrate the precursor
composition. A semi-solid is able to support its own weight
and hold its shape, while having the ability to flow under
pressure for instance.

In another aspect, the first modifying agent may be or may
comprise a resin that is made from one or more polymerizable
monomers. Further, at least one of the one or more polymer-
izable monomers may comprise at least two unsaturated car-
bon-carbon bonds and/or may comprise at least ane heteroa-
tom selected from O, N and S. Merely by way of example, at
least one of the one or more polymerizable monomers may
comprise at least one group of formula H,C—=CH—C(O)—
or H,C==C(CH;)—C(O)—. In another aspect, the resin may
comprise a radiation-cured resin such as a UV-cured resin
and/or the resin may comprise a dried aqueous resin.

In another aspect, the second modifying agent may be fluid
and selected from one or more of (a) a modifying composition
that comprises at least one compound selected from ketones
having from 3 to about 6 carbon atoms, alkyl esters and
dialkylamides of carboxylic acids which comprise a total of
from 2 to about 6 carbon atoms, dialkyl sulfoxides compris-
ing a total of from 2 to about 4 carbon atoms, and optionally
substituted nitrobenzene, (b) a modifying composition that
comprises at least one chiral liquid crystal precursor compo-
sition, and (¢) a modifying composition that compnses at
least one chiral dopant composition.

In yet another aspect of the marking of the present inven-
tion, the first modifying agent may be selected from a solid or
semi-solid cured and/or dried resin made from one or more
polymerizable monomers, and both the first modifying agent

and the second modifying agent may change an initial maxi-

mum wavelength of the selective reflection band (R,
exhibited by the chiral liquid crystal precursor composition in
the chiral liquid crystal state.

In a still further aspect, the first modifying agent and the
second modifying agent may act from opposite sides of the
layer or pattern of the chiral liquid crystal precursor compo-
sition. For example, the first modifying agent may be
arranged between the substrate and the layer or pattern in the
one or more first areas and the second modifying agent may

act from the side opposite the substrate in the one or more ¢

second areas.

In another aspect of the marking, the one or more first areas
and/or the one or more second areas may be in the form of at
least one of an image, a picture, a logo, indicia, and a pattern
representing a code selected from one or more of a 1-dimen-
sional barcode, a stacked 1-dimensional barcode, a 2-dimen-
sional barcode, a 3-dimensional barcode, a cloud of dots, a
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network of lines and a data matrix and/or at least a part of the
layer or pattern may be in the form of at least one of an image,
a picture, a logo, indicia, and a pattern representing a code
selected from one or more of a 1-dimensional barcode, a
stacked 1-dimensional barcode, a 2-dimensional barcode, a
3-dimensional barcode, a data matrix.

In another aspect, the item or substrale may be or may
comprise at least one of a label, packaging, a cartridge, a
containeroracapsule that contains foodstuffs, nutraceuticals,
pharmaceuticals, or beverages, a banknote, a credit card, a
stamp, a tax label, anti-tamper seal, a security document, a
passport, an identity card, a driver’s license, an access card, a
transportation ticket, an event ticket, a voucher, an ink-trans-
fer film, a reflective film, an aluminum foil, and a commercial
good.

The present invention also provides a method of providing
a marking on an item or substrate as well as an item or
substrate produced by this method. The method comprises:

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

b) heating the applied composition to bring the same to a
first modified chiral liquid crystal state in the one or
more first areas and to the initial chiral liquid crystal
stateinall other areas, if any, of the applied composition;

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

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

e) curing/polymerizing the entire thus modified chiral lig-
uid crystal precursor composition to produce a liguid
crystal polymer marking on the item or substrate.

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

In another aspect of the method, at least one of the one or
more first areas may not be overlapped by any second area
and/or at least one of the one or more second areas may not be
overlapped by any first area.

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

In a still further aspect of the method, the initial and first
and second modified sets of optical properties may comprise
at least one property that is indicative of an optically aniso-
tropic state of the chiral liquid crystal polymer composition
and/or is indicative ofa conversion of an optically anisotropic
state to an optically isotropic state of the composition.

In another aspect, the chiral liquid crystal precursor com-
position may comprise (i) one or more nematic compounds A,
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(i) one or more chiral dopant compounds B that are capable
of giving rise to a cholesteric state of the chiral liquid crystal
precursor composition, and (ii1) at least one salt that changes
a maximum wavelength of the selective reflection band
(Apas) €xhiibited by the polymer composition compared to a
maximum wavelength of the selective reflection band (A,,,,.)
exhibited by a polymer composition that does not contain the
at least one salt.

In one aspect, the one or more nematic compounds A as
well as the one or more chiral dopant compounds B may
comprise at least one compound that comprises at least one
polymerizable group. The at least one polymerizable group
may comprise, for example, an unsaturated carbon-carbon
bond such as a group of formula H,C—=CH - C(O)-—.

In another aspect, the one or more nematic compounds A
and all of the one or more chiral dopant compounds B may
comprise at least one polymerizable group.

In yet another aspect, the chiral liquid crystal precursor
composition may comprise at least one chiral dopant com-

pound B of formula (1):
(3]
0
‘.lem
ji/ \
—~ {RSJO
= (o]
A~ (R/:}" |\ R
o
-
(Re)y
O
wherein:

Ry, Ry, R, Ry, R, Ry, R, and Ry each independently denote
C,-Cy alkyl and C,-C, alkoxy;

A, and A, eachindependently denote a group of formula (i) to
(iii):

—[(CHyp~0],—C(0)—CH=CHy; (i)
—C(0)-D,-O—[(CH,},—O], —C(0)—CH=CHy; (ii)
—C(0}DyO—[(CH,},—O],— C(0}—CH=CHy; (iif)

D, denotes a group of formula

(Rs);
ﬁ
-./__
(Rl

D, denotes a group of formula

(Ra)y
——

\//

(Ra)e
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m, n, 0, p, 4, I, 5, and t each independently denote 0, 1, or 2;
y denotes 0, 1, 2, 3,4, 5, or 6;
z equals 0 if y equals 0 and z equals 1 if y equals 1 to 6.

In another aspect, the at least one salt may be selected from
metal salts and ammonium salts. For example, the at least one
salt may comprise at least one of lithium perchlorate, lithium
nitrate, lithium tetrafluoroborate, lithium bromide, lithium
chloride, tetrabutylammonium perchlorate, tetrabutylammo-
nium chloride, tetrabutylammonium tetrafluoroborate, tet-
rabutylammonium bromide, sodium carbonate, sodium chlo-
ride, and sodium nitrate. Inan otheraspect, the at least one salt
may comprise lithium perchlorate and/or lithium bromide.

In another aspect of the method of the present invention,
the chiral liquid crystal precursor composition may be in an
initial optically anisotropic state and in the one or more first
areas the initial optically anisotropic state may get changed to
a first modified optically anisotropic state, and in the one or
more second areas the initial optically anisotropic state may
get changed to a second modified optically anisotropic state
or converted to an optically isotropic state (depending on the
nature of the second modifying agent, as set forth below).

In yet another aspect of the method of the present inven-
tion, the first modifying agent may be solid or semi-solid and
the second modifving agent may be fluid and/or the first
modifying agent may be virtually unable to penetrate the
chiral liquid crystal precursor composition and the second
modifying agent at least partially penetrates the chiral liquid
crystal precursor composition.

In another aspect, the first modifying agent may be or may
comprise a resin that is made from one or more polymerizable
monomers. Further, at least one of the one or more polymer-
izable monomers may comprise at least two unsaturated car-
bon-carbon bonds and/or may comprise at least one heteroa-
tom selected from O, N and S. Merely by way of example, at
least one of the one or more polymerizable monomers may
comprise at least one group of formula H,C—=CH—C(O)—
or H,C=—C(CH;)—C(O)—. In another aspect, the resin may
comprise a radiation-cured resin such as a UV-cured resin
and/or the resin may comprise a dried aqueous resin,

In another aspect, the second modifying agent may be fluid
and selected from one or more of (a) a modifying composition
that comprises al least one compound selected from ketones
having from 3 to about 6 carbon atoms, alkyl esters and
dialkylamides of carboxylic acids which comprise a total of
from 2 to about 6 carbon atoms, dialkyl sulfoxides compris-
ing a total of from 2 to about 4 carbon atoms, and optionally
substituted nitrobenzene, (b) a modifying composition that
comprises at least one chiral liquid crystal precursor compo-
sition, and (¢) a modifying composition that comprises at
least one chiral dopant composition.

In yet another aspect of the method of the present inven-
tion, the first modifying agent may be selected from a solid or
semi-solid cured and/or dried resin made [rom one or more
polymerizable monomers, and both the first modifying agent
and the second modifying agent may change an initial maxi-
mum wavelength of the selective reflection band (%,.)
exhibited by the chiral liquid crystal precursor composition in
the chiral liquid crystal state.

In a still further aspect of the method, step b) and/or step d)
may comprise a heating of the chiral liquid crystal precursor
composition to a temperature of from about 55° C. to about
150° C.

In another aspect, the chiral liquid crystal precursor com-
position may be applied by at least one of spray coating, knife
coating, roller coating, screen coating, curtain coating, gra-
vure printing, flexography, screen-printing, pad printing, con-
tinuous ink-jet printing, drop-on-demand ink jet printing, and
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valve-jet printing and/or the chiral liquid crystal precursor
composition may be applied in the form of at least one of a
(continuous or discontinuous) layer, an image, a picture, a
logo, indicia, and a pattern representing a code selected from
one or more of a 1-dimensional barcode, a stacked 1-dimen-
sional barcode, a 2-dimensional barcode, a 3-dimensional
barcode, a cloud of dots, a network of lines and a data matrix.

In another aspect of the method of the present invention,
the first modilying agent may have been provided on the item
or substrate in the one or mare first areas by at least one of
spray coating, knife coating, roller coating, screen coating,
curtain coating, gravure printing, flexography, offset printing,
dry offset printing, letlerpress printing, screen-printing, pad
printing, continuous ink-jet printing, drop-on-demand ink-jet
printing, and valve jet printing and/or the first modifying
agent may be present on the item or substrate in the one or
more first areas in the form of at lcast one of an image, a
picture, a logo, indicia, and a pattern representing a code
selected from one or more of a l-dimensional barcode, a
stacked 1-dimensional barcode. a 2-dimensional barcode, a
3-dimensional barcode, a cloud ol'dots, a network of lines and
a data matrix.

In yet another aspect, the second modifying agent may be
applied in the one ar more second areas by at least one of
continuous ink-jet printing, drop-on-demand ink jet printing,
spray coating, and valve jet printing and/or the second modi-
fying agent may be applied in the one or more second areas in
the form of at least one of an image, a picture, a logo, indicia,
and a pattern representing a code selected from one ormore of
a 1-dimensional barcode, a stacked 1-dimensional barcode, a
2-dimensional barcode, a 3-dimensional barcode, a cloud of
dots, a network of lines and a data matrix.

Ina still further aspect, the item or substrate may be or may
comprise at least one of a label, packaging, a cartridge, a
container or a capsule thal contains foodstuffs, beverages,
nutracenticals or pharmaceuticals, a hanknote, a credit card, a
stamp, a tax label, anti-tamper seal, a security document, a
passport, an identity card. a driver’s license, an access card, a
transportation ticket, an event ticket, a voucher, an ink-trans-
fer film, a reflective film, an aluminum foil, and a commercial
good.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is further described in the detailed
description which follows, m relerence to the plurality of
drawings by way ol non-limiting examples of exemplary
embodiments of the present invention, and wherein:

FIG. 1 is scheme illustrating the procedures described in
Examples 1 and 2; and

FIGS. 2 and 3 shows different patterns that are obtainable
by arranging first and second areas on the substrate in differ-
ent ways.

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

The particulars shown herein are by way of example and
for purposes of illustrative discussion of the embodiments of
the present invention only and are presented in the cause of
providing what is believed to be the most useful and readily
understood description of the principles and conceptual
aspects of the present invention. In this regard, no attempt is
made to show structural details of the present invention in
more detail than is necessary for the fundamental understand-
ing of the present invention, the description taken with the
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drawings making apparent to those skilled in the art how the
several forms of the present invention may be embodied in
practice.

The substrate or item for use in the present invention is not
particularly limited and can be of various types. The substrate
oritem may, for example, consist (essentially) of or comprise
one ormore ofa metal (for example, in the form of'a container
such as a can a capsule or a closed cartridge for holding
various items such as, e.g., nutraceuticals, pharmaceuticals,
beverages or foodstuffs), a fabric, a coating, glass (for
example, in the form ofa container such as a bottle for holding
various items such as, e.g., nutraceuticals, pharmaceuticals,
beverages or foodstuffs), cardboard (e.g., in the form of pack-
aging), paper, and a polymeric material such as, e.g., PET
(polyethylene terephthalate) or polyethylene (e.g., in the form
ofa containeroras a part of a security document). It is pointed
out that these substrate materials are given exclusively for
exemplifying purposes, without restricting the scope of the
invention. In general, any substrate or item (which may not
necessarily be flat and may be uneven) whose surface is not
soluble, or only slightly soluble, in solvent(s) used in the
chiral liquid polymer chiral liquid crystal precursor compo-
sition is a suitable substrate for the purposes of the present
invention.

The substrate may advantageously have a dark or black
surface or background in at least those areas in which the
chiral liquid crystal precursor composition is to be applied.
Without wishing to be bound by any theory, it is speculated
that in the case of a dark or black background the light trans-
mitted by the cholesteric liquid crystal material is largely
absorbed by the background, whereby any residual backscat-
tering from the background does not disturb the perception of
the cholesteric liquid crystal material’s own reflection with
the unaided eye. In contrast, on a substrate with a light or
white surface or background the reflection color of the cho-
lesteric liquid crystal material is less visible when compared
with a black or dark background, due to the strong backscat-
tering from the background. However, even in the case of a
light or white background a cholesteric liquid crystal material
can be recognized with the help of a circular polarization filter
because it selectively reflects only one of the two possible
circular polarized light components, in accordance with its
chiral helical structure. Further, even with a light or white
background is it possible to measure optical properties of the
chiral liquid crystal polymer such as, e.g., k.. with physical
means. The substrate according to the present invention may
further comprise additional security elements, such as
organic and/or inorganic pigments, dyes, llakes, optically
variable elements, magnetic pigments, elc.

The marking of the present invention comprises a (continu-
ous ordiscontinuous) layer or a pattern of a cured chiral liquid
crystal precursor composition in a chiral liquid crystal state
(=chiral liquid crystal polymer composition) that exhibits an
initial set of optical properties. The layer or pattern com-
prises, optionally (and preferably) in addition to one or more
areas that exhibit the initial set of optical properties (i.e.. in
which no modifying agent has been applied), (1) one or more
first areas (e.g., one, two, three, four, five, six, ten, fifteen, or
twenty first areas, in a case of a data matrix this could be 256
areas when making a data matrix 16*16) which exhibit a first
modified set of optical properties that is different from the
initial set of optical properties and is obtainable by contacting
the chiral liquid crystal precursor composition in an uncured
state in the one or more first areas with a first modifying agent
and (2) one or more second areas (e.g., one, two, three, four,
five, six, ten, fifteen, or twenty second areas, ina case of'a data
matrix this could be 256 areas when making a data matrix
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16*16) which exhibit a second modified set of optical prop-
erties that is different from the initial set of optical properties
and different from the first modified set of optical properties
and is obtainable by contacting the chiral liquid crystal pre-
cursor composition in an uncured state in the one or more
second areas with a second modifyving agent that 1s of a
different type than the first modifying agent. In this regard, it
is to be appreciated that in order for the first and second
modified sets of optical properties 1o be different it is suffi-
cient for these sets to differ with respect to at least and only
one optical property. In other words, the first and second
modified sets of optical properties may comprise identical
optical properties as long as (at least) one optical property
comprised therein is different.

The layer or pattern may comprise more than two different
areas (i.e., in addition to the one or more first areas, the one or
more second areas and, optionally the one or more areas
exhibiting the initial set of optical properties) in which the
initial set of optical properties has been modified by more
than two different modifying agents as long as there are at
least two areas in which two different types of modifying
agents have separately or together changed the initial set of
optical properties. For example, the layer may comprise
three, four, five etc. different areas in which three, four, five,
ete. different modifying agents have changed the initial set of
optical properties to result in three, four, five, etc. different
muodified sets of optical properties. In the following the use of
only two modifying agents and in particular, two modifying
agents of a different type, will frequently be discussed for the
sake of simplicity. It is to be appreciated, however, that the
present invention is not limited to the use of only two modi-
fying agents of different types and also is not limited to the use
of only one modifying agent of a certain type. Merely by way
of example, three modifying agents of different types may be
used, or one first modifying agent and two different second
modifying agents may be employed.

In the marking of the present invention there may furtherbe
at least one first area that is not overlapped by any second area
and/or there may be at least one second area that is not
overlapped by any first area. Further, there may be at least one
first arca that is completely or partially overlapped by a sec-
ond area and/or there may be at least one second area that is
completely or partially overlapped by a first area. This
includes the case where a first area is larger than a second area
and completely encompasses/covers the second area and the
case where a second area is larger than a first area and com-
pletely encompasses/covers the first area (cf. FIG. 2). This
also includes the case where a first area and a second area are
of the same size and completely coincide. The complete or
partial overlap of a first area and a second area would results
in a third area, i,e., the area of overlap, giving rise to a third
modified set of optical properties (due to the combined action
ol the first modifying agent and the second modifying agent).
Of course, if more than two modifving agents are used the
possible number of areas with different sets of optical prop-
erties increases exponentially, thereby further increasing the
difficulty of counterfeiting the marking of the present inven-
tion. Merely by way of example, with three different modi-
fying agents there may be one or more areas in which only the
first modifying has been employed, one or more areas in
which only the second modifying agent has been employed,
one or more areas in which only the third modifying agent has
been employed, one or more areas in which both the first
modifying agent and the second modifying agent have been
employed, one or more areas in which both the first modify-
ing agent and the third modifying agent have been employed,
one or more areas in which both the second modifying agent
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and the third moditying agent have been employed, and one
or more areas in which all three modifying agents have been
employed. It Turther is to be appreciated that while the mark-
ing of the present invention will usually comprise at least one
area which shows the initial set of optical properties (i.c.,
without modification by any modifying agent), the presence
of a corresponding area is not required, For example, the
present invention also contemplates a marking in which the
entire area occupied by the chiral liquid crystal precursor
composition in the chiral liquid crystal state is occupied (and
modified) by the first modifying agent and in which one or
more (second) areas of the chiral liquid crystal precursor
composition (but not the entire area thereof) are additionally
modified by the second modifying agent (thereby giving rise
to a marking having one or more first areas modified by only
the first modifying agent, the remainder being one or more
third areas modified by both the first modifying agent and the
second modifying agent).

The first and second modifying agents for use in the present
invention are of a different type. Merely by way of example,
modifying agents are of a different type if they differ in their
consistency (e.g., solid and/or semi-solid in one case and fluid
(e.g., liquid) in the other case) and/or if they differ in their
chemical nature (e.g., monomeric in one case and polymeric
in the other case, or essentially organic in one case and essen-
tially inorganic in the other case) and/or if they change/
modify an optical property of the composition by a different
mechanism and/or if they change/modify different optical
praperties of the composition and/or if they are able to at least
partially penetrate the uncured chiral liquid crystal precursor
composition in one case and are substantially unable to pen-
etrate the uncured chiral liquid crystal precursor composition
in the other case.

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

In another aspect of the marking, the initial set and the first
and second (and optionally third, fourth, etc.) modified sets of
optical properties may comprise at least one property that is
indicative of an optically anisotropic or optically isotropic
state of the liquid crystal polymer composition. An example
of a corresponding property is the reflection of circular polar-
ized light. In this regard see the explanations provided in, e.g.,
Y. Jiang et al., “Novel Pigment Approaches in Optically Vari-
able Security Inks Including Polarizing Cholesteric Liquid
Crystal (CLC) Polymers", Optical Security and Counterfeit
Deterrence Techniques 1V, SPIE 4677, 2002, the entire dis-
closure of which is incorporated by reference herein.

A chiral liquid crystal precursor composition that may he
used for making the marking of the present invention and may
be applied (e.g., deposited) onto at least a part of at least one
surface of the substrate (and, in a preferred embodiment, over
at least a part of the first modifying agent provided on the at
least one surface of the substrate) preferably comprises a
mixture of (i) one or more nematic compounds A and (ii) one
or more cholesteric (i.¢., chiral dopant) compounds B (includ-
ing cholesterol) which are capable of giving rise to a choles-
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teric state of the composition. The pitch of the obtainable
cholesteric state depends on the relative ratio of the nematic
and the cholesteric compounds and the helical twisting power
of the cholesteric compound(s). Typically, the (total) concen-
tration of the one or more nematic compounds A in a chiral
liquid crystal precursor composition for use in the present
invention will be about four to about fifty times the (total)
concentration of the one or more cholesteric compounds B.
Often, a chiral liquid crystal precursor composition with a
high concentration of cholesteric compounds is not desirable
(although possible in many cases) because the one or more
cholesteric compounds tend to crystallize, thereby making it
impossible to obtain the desired liquid crystal state having
specific optical properties.

Nematic compounds A which are suitable for use in the
chiral liquid crystal precursor composition are known in the
art; when used alone (i.e., without cholesteric compounds)
they arrange themselves in a state characterized by its bire-
fringence. Non-limiting examples of nematic compounds A

which are suitable for use in the present invention are 2

deseribed in, e.g., WO 93/22397, WO 95/22586, EP-B-0 847
432, U.S. Pal. No. 6,589,445, US 2007/0224341 Al and IP
2009-300662 A. The entire disclosures of these documents
are incorporated by reference herein.

A preferred class of nematic compounds for use in the
present invention comprises one or more (e.g., 1, 2 ar 3)
polymerizable groups, identical or different from cach other,
per molecule. Examples of polymerizable groups include
groups which are capable of taking part in a frec radical

polymerization and in particular, groups comprising a car- 3

bon-carbon double or triple bond such as, e.g., an acrylate
moiety, a vinyl moiety or an acetylenic moiety. Particularly
preferred as polymerizable groups are acrylate moieties.

The nematic compounds for use in the present invention
further may comprise one or more (e.g., 1, 2, 3, 4, 5 or 6)
optionally substituted aromatic groups, preferably phenyl
groups. Examples of the optional substituents of the aromatic
groups include those which are set forth herein as examples of
substituent groups on the phenyl rings of the chiral dopant
compounds of formula (I) such as, e.g., (C,-C,)alkyl and/or
(C,-Cglalkoxy groups.

Examples of groups which may optionally be present to
link the polymerizable groups and the aryl (e.g., phenyl)
groups in the nematic compounds A include those which are
exemplified herein for the chiral dopant compounds B of
formula (1) (including those of formula (IA) and formula (1B)
set forth below). For example, the nematic compounds A may
comprise one or more groups of formulae (i) to (iii) which are
indicated above as meanings for A, and A, in formula (T) (and
formulae (IA) and (IB)), typically bonded to optionally sub-
stituted phenyl groups. Specific non-limiting examples of
nematic compounds which are suitable for use in the present
invention include:
2-methoxybenzene-1,4-diyl bis[4-({|4-(acryloyloxy)bu-

toxyJearbonyl}oxy)benzoate];
4-{[4-({[4-(acryloyloxy)butoxy]carbonyl}oxy)benzoyl]

oxy}-2-methoxyphenyl  4-({[4-(acryloyl-oxy)butoxy]
carbonyl}oxy)-2-methylbenzoate;
2-methoxybenzene-1,4-diyl bis[4-({[4-(acryloyloxy)bu-
toxyJcarbonyl}oxy)-2-methyl-benzoate];
2-methylbenzene-1,4-diyl  bis[4-({[4-(acryloyloxy)butoxy]
carbonyl }oxy)-2-methyl-benzoate];
4-{[4-({[4-(acryloyloxy)butoxy]carbonyl }oxy)benzoyl]
oxy }-2-methylphenyl 4-({[4-(acryloyl-oxy)butoxy]

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

4-{[4-({[4-(acryloyloxy)butoxy]carbonyl }oxy)-3-methoxy-
benzoyl]oxy }-2-methylphenyl  4-({[4-(acryloyloxy)bu-
toxy]carbonyl foxy)-3,5-dimethoxybenzoate;

2-methylbenzene-1,4-diyl bis[4-({[4-(acryloyloxy)butoxy]
carbonyl Joxy)-3,5-dimethoxy-benzoate]; and

2-methoxybenzene-1,4-diyl ~ bis[4-({[4-(acryloyloxy)bu-
toxy|carbonyl Joxy)-3,5-di-methoxy-benzoate]; as well as

4-{[4-({[4-(acryloyloxy)butoxy]carbonyl }oxy)-3-methoxy-
benzoyljoxy }-2-methoxypheny!  4-({[4-(acryloyloxy)bu-
toxy]carbonyl foxy)-3,5-dimethoxybenzoate.

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

4-({4-[4-(acryloyloxy)butoxy]benzoyl}oxy)-3-methylphe-
nyl 4-[4-(acryloyloxy)butoxy]-3-methylbenzoate;

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

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

2-methylbenzene-1,4-diy] bis{4-[4-(acryloyloxy)butoxy]-2,
S-dimethylbenzoate};

2-methylbenzene-1,4-diyl
benzoate};

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

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

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

4-({4-[4-(acryloyloxy)butoxy]-3-methylbenzoyl foxy)-2-
methoxyphenyl 4-[4-(acryloyloxy)-butoxy]-3,5-dimeth-
ylbenzoate;

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

4-({4-[4-(acryloyloxy)butoxy|benzoyl }oxy)-3-methox-
yphenyl 4-[4-(acryloyloxy)-butoxy]-3-methylbenzoate;

4-({4-[4-(acryloyloxy)butoxy]benzoyl} oxy)-3-methox-
yphenyl  4-[4-(acryloyloxy)-butoxy]-2,5-dimethylben-
Zoale,

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

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

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

2-cthoxybenzene-1,4-diyl
benzoate};

2-gthoxybenzene-1,4-diyl bis{4-[4-(acryloyloxy)butoxy]-2-
methylbenzoate}:

2-(propan-2-yloxy)benzene-1,4-diy] bis{4-[4-(acryloyloxy)
butoxy|benzoate}:

4-({4-[4-(acryloyloxy)butoxy]benzoyl foxy)-2-(propan-2-
vloxy)phenyl  4-[4-(acryloyl-oxy)butoxy]-2-methylben-
zoate;

2-(propan-2-yloxy)benzene-1,4-diyl bis{4-[4-(acryloyloxy)
butoxy]-2-methylbenzoate};

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

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

2-(propan-2-yloxy)benzene-1,4-diyl bis{4-[4-(acryloyloxy)
butoxy]-3,5-dimethoxy-henzoate}.

bis{4-[4-(acryloyloxy)butoxy]

bis{4-[4-(acryloyloxy)butoxy]
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The one or more cholesteric (i.c., chiral dopant) com-
pounds B for use in the present invention preferably comprise
at least one polvmerizable group.
As set forth above, suitable examples of the one or more
chiral dopant compounds B include those of formula (I):

(D
(R.‘)o
ik
By

Ryl
o}

wherein:

R, R, Ry, Ry, R, Ry R and Ry each independently denote
C,-Cgq alkyl and C,-C, alkoxy:

A, and A, eachindependently denote a group of formula (i) to

(i1i):

—[(CH)0],—C(0)—CH=CH; )
—C(0)-D-0—{[(CH,),—0),—C(0}—CH=CH; (i)
—C(0)-Dy-0—[(CH,),—0],—C(0} —CH—=CH,; (iif)

1D, denotes a group of formula

(Rsl;\.
s
-...,/_‘__

(Re)r
D, denotes a group of formula
{R'E)J
=
/&/ V4
{Rg);
m, n, o, p, q, 1, 5, and t cach independently denote 0, 1, or 2;

ydenotes 0, 1, 2,3, 4, 5, or 63
z equals 0 if y equals 0 and z equals 1 if' v equals | to 6.

In one aspect, the one or more chiral dopant compounds B
may comprise one or more jsomannide derivatives of formula
(1A):
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(1A)
0
(Rl).ﬂ
4
ik
;—1—/_‘ (Ra)o 0
a‘\l""--.o (Rs)y /\/ | \".-\;,
AN
(Ra)p
(0]
wherein:

R,. Ry, Ry, Ry, Ry, Ry, R; and R each independently denote
C,-C, alkyl and C,-C, alkoxy;

A, and A, each independently denote a group of formula (i) to
(iii):

—[{CHy -0, —C{0)—CH=CHy; 6]
—C(0)-D;-0—{(CH,),—0),—C(0)—CH=CHy; (i)
—C(0)-Dz0—{(CHy),—0),—C(0)—CH=CHy; (i)

D, denotes a group of formula

{'Rs).q\
ﬁ
—-../___
(Re)r

D, denotes a group of formula

(R?),\

jfj
ik

(R}

m, n, 0, p, g, I, 8, and t each independently denote 0, 1, or 2;
y denotes 0, 1, 2,3, 4, 5, or 6;
zequals 0 if y equals 0 and z equals 1 if y equals 1 to 6.

In one embodiment of the compounds of formula (1A) (and
of compounds of formula (I)), R, R,, Ry, Ry, Rs, Ry, R; and
R, each independently denate C,-Cg alkyl. In an alternative
embodiment, R, R, Ry, Ry, Ry, Ry, R, and Ry in formula
(IA) (and in formula (I)) each independently denote C,-Cg
alkoxy.

In another embodiment of the compounds of formula (T)
and of formula (IA), A, and A, each independently denote a
group of formula —{(CH,),—0].—C(0)—CH=CH,; Ry,
R,, R; and R, each independently denote C,-C, alkyl; and m,
n, 0, and p each independently denote 0, 1, or 2. In yet another
embodiment, A, and A, in formula (1) and formula (IA) each
independently denote a group of formula —[(CH,),—0].—
C(0)—CH=CH,; R, R,, R; and R, each independently
denote C,-C, alkoxy; and m, n, 0, and p cach independently
denote 0, 1, or 2.

In another embodiment of the compounds of formula (1A)
(and of formula (1)), A, and A, each independently denote a
group of formula —C(0)-D,-O—[(CH,),—O].—C(O)—

—
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CH=CH, and/or of formula —C(0)-D,-O—[(CH,),—O].
—C(0)—CH—CH,: and R, R,, R,, Ry, Rq. Ry, R and Ry
each independently denote C,-C, alkyl. In an altemative
embodiment, A, and A, in formula (TA) (and in formula (1))
each independently denote a group of formula —C(0}-D,-
O—[(CH,),—0].—C(0)—CH=CH, and/or a group of for-
mula  —C(0)-D,-O—[(CH,),—0].—C(O)—CH=CH,;
and R;; Ry, Ry, Ry, R, R, R, and R, each independently
denote C,-C, alkoxy.

In another aspect, the one or more chiral dopant com-
pounds B may comprise one or more isosorbide derivatives
represented by formula (IB):

(18)
0
(™
\x
o
j..\_,/__ (Raly o
Ar~o" ®y), o i |\\* Ay,
H 'b /\,
(Rs),
0
wherein:

R, Ry, Ry, Ry, R, R, R, and Ry each independently denote
C,-Cy alkyl and C,-C, alkoxy;
A, and A each independently denote a group of formula (i) to

(1ii):

—[(CH,)p-0)z-C{O)—CH=CH,; )
—C[0)-D-O[(CH,)p-0Jz-C(O)}—CH=CH,; i)
—C(OFDO—[(CH,)y-0)—C(0)—CH=CH ; (iif)

D, denotes a group of formula

(Rs),

‘>~’\

(R&]r

D, denotes a group of formula

(Ra)y
X \

(Rs)e

m, n, 0, p, 4, 1, s, and t each independently denote 0, 1, or 2;
ydenotes 0, 1, 2,3,4, 5,0r6;
zequals 0ify equals 0 and z equals 1 if y equals 1 to 6.

In one embodiment of the compounds of formula (IB), R,
Ry, Ry, Ry, Ry Ry, R, and Ry each independently denote
C,-Cgalkyl. Inanalternative embodiment, R, R, Ry, Ry, Ry,
Rg, Ry and Ry in formula (IB) each independently denote
C,-C, alkoxy.
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In another embodiment of the compounds of formula (1B),
A, and A, each independently denote a group of formula
—[(CH,),—0],—C(0)—CH=CH,; R, Ry, R; and R, each
independently denote C,-C,, alkyl; and m, n, o, and p each
independently denote 0, 1, or 2. In yet another embodiment,
A, and A, in formula (IB) each independently denote a group
of formula —[(CH,),—0],—C(0)—CH=CH,; R, R,, R,
and R, each independently denote C,-C, alkoxy; and m, n, o,
and p each independently denote 0, 1, or 2.

In another embodiment of the compounds of formula (IB),
A, and A, each independently denote a group of formula
—C(0)-D,-0—[(CH,),—0].—C(0)—CH—=CH, and/or of
formula —C(0)-D,-O—[(CH,),—0],—C(0)—CH=CH,;
and R, R,. R;, Ry, R, Ry, R, and Rg each independently
denote C,-C, alkyl. In an alternative embodiment, A, and A,
in formula (1B} each independently denote a group of formula
—C(0)-D,-0—[(CH,),—0],—C(0)—CH=CH, and/or a
group of formula —C(0)-D,-O—[(CH,),—0].—C(0)—
CH=CH,; and R}, R, R;, R, R, R4, R; and Ry each inde-
pendently denote C,-Cg alkoxy.

In a preferred embodiment, the alkyl and alkoxy groups of
R,,R,, R, Ry, Ry, Ry, R, and R, in formulae (1), (IA) and (IB)
may comprise 3, 4, 6 or 7 carbon atoms and in particular, 4 or
6 carbon atoms.

Examples of alkyl groups comprising 3 or 4 carbon atoms
include isopropyl and butyl. Examples of alkyl groups com-
prising 6 or 7 carbon atoms include hexyl, 2-methylpentyl,
3-methylpentyl, 2,2-dimethylpentyl, and 2,3-dimethylpen-
tyl.

Examples ofalkoxy groups comprising 3 or 4 carbon atoms
include isopropoxy, but-1-oxy, but-2-oxy, and tert-butoxy.
Examples of alkoxy groups comprising 6 or 7 carbon atoms
include hex-1-oxy, hex-2-oxy, hex-3-oxy, 2-methylpent-1-
oxy, 2-methylpent-2-oxy, 2-methylpent-3-oxy, 2-methyl-
pent-4-oxy, 4-methylpent-1-oxy, 3-methylpent-1-oxy, 3-me-
thylpent-2-oxy, 3-methylpent-3-oxy, 2,2-dimethylpent-1-
oxy, 2,2-dimethylpent-3-oxy, 2,2-dimethylpent-4-oxy, 4,4-
dimethylpent-1-oxy, 2,3-dimethylpent-1-oxy., 23-
dimethylpent-2-oxy, 2,3-dimethylpent-3-oxy, 2,3-
dimethylpent-4-oxy. and 3,4-dimethylpent-1-oxy.

Non-limiting specific examples of chiral dopant com-
pounds B of formula (I) for use in the present invention
include:
(3R,3aR,6R,6aR)-hexahydrofuro[3,2-b] furan-3,6-diyl bis(4-

(4-(acryloyloxy)-3-methoxybenzoyl-oxy)-3-methoxy-

benzoate);
(3R,3aR.6R,6aR)-6-(4-(4-(acryloyloxy)-3-methoxybenzoy-

loxy)-3-methoxybenzoyloxy)-hexahydrofuro[3,2-b]fu-
ran-3-yl 4-(4-(acryloyloxy)benzoyloxy)-3-methoxy-ben-

Zoate;
(3R,3aR,6R,6aR)-hexahydrofuro[3,2-b]furan-3,6-diy] 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-diy! bis(4-

(acryloyloxy)-2-methyl-benzoate);
(3R,3aR,68,6aR)-hexahydrofuro[3,2-b] furan-3,6-diy] bis(4-

(4-(acryloyloxy)benzoyloxy)-3-methoxybenzoate);
(3R,3aR,6R,6aR)-hexahydrofuro[3,2-b]furan-3,6-diy! bis(4-

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

(4-(acryloyloxy)benzoyloxy)-3-methoxybenzoate);
2-0-(4-{[4-(acryloyloxy)benzoyl]oxy } -2-methoxyben-

z0y1)-5-0-(4-{[4-(acryloyloxy)-benzoyl]oxy}-3-meth-

oxybenzoyl)-1,4:3,6-dianhydro-D-mannitol;
2,5-bis-0-(4-{[4-(acryloyloxy)benzoylJoxy } -2-methoxy-
benzoyl)-1,4:3,6-dianhydro-D-mannitol;

0 Y
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2-0-(4-{[4-(acryloyloxy)benzoyl]oxy }-2-methoxyben-
z0yl)-5-0-(4-{[4-(acryloyloxy)-2-methylbenzoyl]oxy} -
2-methoxybenzovl)-1.4:3.6-dianhydro-D-mannitol;
2-0-(4-{[4-(acryloyloxy)benzovl]oxy }-2-methoxyben-
zoy1)-5-0-(4-{[4-(acrylovloxy)-3-methylbenzoyljoxy } -
2-methoxybenzoyl)-1.4:3 6-dianhydro-D-mannitol;
2-0-(4-{[4-(acryloyloxy)benzoyljoxy } -2-methoxyben-
z0y1)-5-0-(4- {[4-(acryloylaxy)-3-methylbenzoyl]oxy} -
2-methoxybenzoyl)-1,4:3,6-dianhydro-D-mannitol;
2-0-(4-{[4-(acryloyloxy)benzoyl|oxy} -2-methoxyben-
zoyl)-5-0-(4-{[4-(acryloyloxy)-2,5-dimethylbenzoyl]
oxy }-2-methoxybenzoyl)-1,4:3,6-dianhydro-D-mannitol;
2-0-(4-{[4-(acrvloyloxy)-2,5-dimethylbenzoyl]oxy }-2-
methoxybenzoyl)-5-0-(4-{[4-(acryloyloxy)-3-methyl-
benzoyloxy }-2-methoxybenzoyl)-1, 4:3,6-dianhydro-D-
mannitol
2-0-(4-{[4-(acryloyloxy)-2-methoxy-5-methylbenzoyl]
oxy }-2-methoxybenzoyl)-5-O-(4-{[4-(acryloyloxy)-3-
methylbenzoyl]oxy}-2-methoxybenzoyl)-1,4:3,6-dianhy-
dro-D-mannitol;
2-0-(4-{[4-(acryloyloxy)-2-methoxybenzoyl]oxy }-2-meth-
axybenzoyl)-5-0-(4-{[4-{acryloyloxy)-3-methylbenzoyl]
oxy }-2-methoxybenzoyl)-1,4:3,6-dianhydro-D-mannitol;
2-0-(4-{[4-(acryloyloxy)-2-methoxybenzoyl]oxy}-2-meth-
oxybenzoyl)-5-0-(4-{[4-(acryloyloxy)-3-methoxyben-
zoylJoxy }-2-methoxybenzoyl)-1,4:3 6-dianhydro-D-
mannitol;
2-0-(4-{[4-(acryloyloxy)-2-methoxybenzoyl]
oxy fbenzoyl)-5-0-(4-{[4-(acryloyloxy)-3-methoxyben-
zoyl]oxy }benzoyl)-1,4:3,6-dianhydro-D-mannitol;
2,5-bis-0-(4-{[4-(acryloyloxy)benzoylJoxy }-3-methoxy-
benzoyl)-1,4:3,6-dianhydro-D-mannitol;
2-0-(4-{[4-(acryloyloxy)-2-methoxybenzoyl]oxy}-2.5-
dimethylbenzoy!)-5-0-(4-{[4-(acryloyloxy)-3-methoxy-
benzoylJoxy}-3-methylbenzoyl)-1,  4:3,6-dianhydro-D-
mannitol;
2-0-(4-{[4-(acryloyloxy)-2-methoxybenzoyl]oxy}-2-meth-
ylbenzoyl)-5-0-(4-{[4-(acryloyloxy)-3-methoxybenzoyl]
oxy }-3-methylbenzayl)-1.4:3,6-dianhydro-D-mannitol;
2-0-(4-{[4-(acryloyloxy)-2-methoxy-5-methylbenzoyl]
oxy }-2-methylbenzoyl)-5-O-(4-{[4-(acryloyloxy)-5-
methoxy-2-methylbenzoyl]oxy }-3-methylbenzoyl)-1,4:3,
6-dianhydro-D-mannitol;
2-0-(4-{[4-(acryloyloxy)benzoyl]oxy }-2-ethoxybenzoyl)-
5-0-(4-{[4-(acryloyloxy)-3-cthoxybenzoyl]
oxy }benzoyl)-1,4:3,6-dianhydro-D-mannitol;
2-0-(4-{[4-(acryloylaxy)benzoyl]oxy}-2-ethoxy-5-methyl-
benzoyl)-5-O-(4-{[4-(acryloyloxy)-3-ethoxybenzoyl]
oxy }benzoyl)-1,4:3,6-dianhydro-D-mannitol;
2-0-(4-{[4-(acryloyloxy)benzovl]oxy }-2-ethoxy-5-methyl-
benzoy!)-5-0-(4-{[4-(acryloyloxy)-5-ethoxy-2-methyl-
benzoylJoxy} benzoyl)-1,4:3,6-dianhydro-D-mannitol;
2-0-(4-{[4-(acryloyloxy)-3-ethoxyhenzoyl Joxy } benzoyl)-
5-0-(4-{[4-(acryloyloxy)-2-methylbenzoyl]oxy } -2-
ethoxybenzoyl)-1.4:3,6-dianhydro-D-mannitol;
2-0-(4-{[4-(acryloyloxy)-2.5-dimethylbenzoyljoxy} -2-
ethoxybenzoyl)-5-0-(4-{[4-{acryloyloxy)-2-methylben-
zoylJoxy}-2-ethoxybenzoyl)-1,4:3,6-dianhydro-D-man-
nitol;
2,5-bis-0-(4-{|4-(acryloyloxy)-2,5-dimethylbenzoyl]oxy} -
2-ethoxybenzoyl)-1,4:3,6-dianhydro-D-mannitol;
2,5-bis-0-(4-{[4-(acryloyloxy)-2-ethoxybenzoyl]oxy }-2-
cthoxybenzoyl)-1.4:3,6-dianhydro-D-mannitol;
2,5-bis-0-(4-{[4-(acrvloyloxy)-2-methoxybenzoyl]oxy } -2-
ethoxybenzoyl)-1.4:3.6-dianhydro-D-mannitol;
2,5-bis-0-(4-{[4-(acryloyloxy)-2-ethoxybenzoylJoxy } -2-
methoxybenzoyl)-1, 4:3,6-dianhydro-D-mannitol;
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2,5-bis-0-(4-{[4-(acryloyloxy)-2-cthoxybenzoylJoxy}-3-
methylbenzoyl)-1, 4:3,6-dianhydro-D-mannitol;
2,5-his-0-(4-{[4-(acryloyloxy)-2-ethoxybenzoyl]oxy}-3-
methoxybenzoyl)-1.4:3,6-dianhydro-D-mannitol:
2.5-bis-0-(4-{[4-(acryloyloxy)-3-methoxybenzoyljoxy } -3-
methoxybenzoyl)-1,4:3,6-dianhydro-D-mannitol;
2,5-bis-O-(4-{[4-(acryloyloxy)-3-methoxybenzoyl]oxy}-3-
methoxybenzoyl)-1,4:3,6-dianhydro-D-glucitol;
2-O-(4-{[4-(acryloyloxy)benzoyl]oxy } -2-methoxyben-
zoyl)-5-0-(4-{[4-(acryloyloxy)-benzoyl]oxy }-3-meth-
oxybenzoyl)-1,4:3,6-dianhydro-D-glucitol;
2,5-bis-O-(4-{[4-(acryloyloxy)benzoyl]oxy } -2-methoxy-
benzoyl)-1,4:3,6-dianhydro-D-glucitol;
2-0-(4-{[4-(acryloyloxy)benzoyl]oxy}-2-methoxyben-
zoyl)-5-0-(4-{[4-(acryloyloxy)-2-methylbenzoyl]oxy } -
2-methoxybenzoyl)-1,4:3,6-dianhydro-D-glucitol;
2-0-(4-{[4-(acryloyloxy)benzoyl]oxy }-2-methoxyben-
zoyl)-5-0-(4-{[4-(acryloyloxy)-3-methylbenzoylJoxy } -
2-methoxybenzoyl)-1,4:3,6-dianhydro-D-glucitol;
2-0-(4-{[4-(acryloyloxy)benzoyl]oxy }-2-methoxyben-
zoyl)-5-0-(4-{[4-(acryloyloxy)-3-methylbenzoylJoxy } -
2-methoxybenzoyl)-1,4:3,6-dianhydro-D-glucitol:
2-0-(4-{[4-(acryloyloxy)benzoyl]oxy } -2-methoxyben-
zoyl)-5-0-(4-{[4-(acryloyloxy)-2,5-dimethylbenzoyl]
oxy}-2-methoxybenzoyl)-1,4:3.6-dianhydro-D-glucitol;
2-O-(4-{[4-(acryloyloxy)-2,5-dimethylbenzoyljoxy}-2-
methoxybenzoyl}-5-0-(4-{[4-(acryloyloxy)-3-methyl-
benzoyl]oxy }-2-methoxybenzoyl)-1,4:3,6-dianhydro-D-
glucitol;
2-0-(4-{[4-(acryloyloxy)-2-methoxy-5-methylbenzoyl]
oxy}-2-methoxybenzoyl)-5-0-(4-{[4-(acryloyloxy)-3-
methylbenzoyl]oxy }-2-methoxybenzoyl)-1,4:3.6-dianhy-
dro-D-glucitol:
2-0-(4-{[4-(acryloyloxy)-2-methoxybenzoyl|oxy }-2-meth-
oxybenzoy!)-5-0-(4-{[4-(acryloyloxy)-3-methylbenzoyl]
oxy}-2-methoxybenzoyl)-1,4:3,6-dianhydro-D-glucitol;
2,5-bis-0-(4-{[4-(acryloyloxy)benzoyl]oxy}-3-methoxy-
benzoyl)-1.4:3,6-dianhydro-D-glucitol;
2-O-(4-{[4-(acryloyloxy)-2-methoxybenzoylJoxy } -2-meth-
oxybenzoyl)-5-0-(4-{[4-(acryloyloxy)-3-methoxyben-
zoylJoxy }-2-methoxybenzoyl)-1,4:3,6-dianhydro-D-glu-
citol;
2-0-(4-{[4-(acryloyloxy)-2-methoxybenzoyl]
oxy}benzoyl)-5-0-(4-{[4-(acryloyloxy)-3-methoxyben-
zoyl]oxy }benzoyl)-1,4:3,6-dianhydro-D-glucitol;
2-0-(4-{[4-(acryloyloxy)-2-methoxybenzoylJoxy}-2,5-
dimethylbenzoyl)-5-O-(4-{[4-(acryloyloxy)-3-methoxy-
benzoyljoxy}-3-methylbenzoyl)-1.4:3,6-dianhydro-D-
glucitol;
2-0-(4-{[4-(acryloyloxy)-2-methoxybenzoylJoxy}-2-meth-
ylbenzoyl)-5-0O-(4-{[4-(acryloyloxy)-3-methoxybenzoyl]
oxy}-3-methylbenzoyl)-1,4:3,6-dianhydro-D-glucitol;
2-0-(4-{[4-(acryloyloxy)-2-methoxy-5-methylbenzoyl]
oxy }-2-methylbenzoyl)-5-O-(4-{[4-(acryloyloxy)-5-
methoxy-2-methylbenzoylJoxy}-3-methylbenzoyl)-1.4:3,
6-dianhydro-D-glucitol;
2-0-(4-{[4-(acryloyloxy)benzoyl]oxy } -2-ethoxybenzoy])-
5-0-(4-{[4-(acryloyloxy)-3-ethoxybenzoyl]
oxy }benzoyl)-1,4:3,6-dianhydro-D-glucitol;
2-0-(4-{[4-(acryloyloxy)benzoyl]oxy}-2-ethoxy-S5-methyl-
benzoyl)-5-0-(4-{[4-(acryloyloxy)-3-cthoxybenzoyl]
oxy}benzoyl)-1,4:3,6-dianhydro-D-glucitol;
2-0-(4-{[4-(acryloyloxy)benzoyl]Joxy } -2-ethoxy-5-methyl-
benzoyl)-5-0-(4-{[4-(acryloyloxy)-5-ethoxy-2-methyl-
benzoylJoxy}benzoyl)-1,4:3,6-dianhydro-D-glucitol

i
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2:0-(4-{[4-(acryloyloxy)-3-cthoxybenzoyl Joxy fbenzoyl)-
5-0-(4-{[4-(acryloyloxy)-2-methylbenzoyl]oxy}-2-
ethoxybenzoyl)-1.4:3,6-dianhydra-D-glucitol;
2-0-(4-{[4-(acryloyloxy)-2,5-dimethylbenzoyljoxy } -2-
ethoxybenzoyl)-5-O-(4-{[4-(acryloyloxy)-2-methylben-
zoylJoxy }-2-ethoxybenzoyl)-1.4:3,6-dianhydro-D-gluci-
tol
2,5-bis-0-(4-{[4-(acryloyloxy)-2,5-dimethylbenzoyl]oxy } -
2-cthoxybenzoyl)-1,4:3,6-dianhydro-D-glucitol;
2,5-bis-O-(4-{[4-(acryloyloxy)-2-cthoxybenzoyl]oxy }-2-
ethoxybenzoyl)-1.4:3,6-dianhydro-D-glucitol;
2,5-bis-O-(4-{[4-(acryloyloxy)-2-methoxybenzoyl]oxy }-2-
ethoxybenzoyl)-1.4:3,6-dianhydro-D-glucitol;
2,5-bis-0-(4-{[4-(acryloyloxy)-2-cthoxybenzoyl]oxy }-2-
methoxybenzoyl)-1.4:3,6-dianhydro-D-glucitol;
2,5-bis-0-(4-{[4-(acryloyloxy)-2-ethoxybenzoyl Joxy } -3-
methylbenzoyl)-1.4:3,6-dianhydro-D-glucitol; and
2,5-bis-O-(4-{[4-(acryloyloxy)-2-ethoxybenzoylJoxy }-3-
methoxybenzoyl)-1.4:3.6-dianhydro-D-glucitol,

The one or more chiral dopant compounds B will usually
be presentin a tolal concentration of from about 0.1% to about
30% by weight, e.g., from about ().1% to about 25%, or from
about 0.1% to about 20% by weight. based on the total weight
of the composition. For example. in the case of inkjet printing
the best results will often be obtained with concentrations of
from 3% to 10% by weight, e.g., from 5% to 8% by weight,
based on the total weight of the composition. The one or more
nematic compounds A will often be present in a concentration
of [rom about 30% to about 50% by weight, based on the total
weight of the composition.

Especially in cases where the first modifying agemt is
capable of changing the position of a selective reflection band
exhibited by a salt-containing cured chiral liquid crystal pre-
cursor composition a further component of the chiral liquid
crystal precursor composition for use in the present invention
is a saltand in particular, a salt that is capable of changing the
position of the selective reflection band exhibited by the cured
chiral liquid crystal precursor composition (in the chiral liq-
uid crystal state) compared to the position of the selective
reflection band exhibited by the cured composition without
the salt. In this regard, the explanations in U.S. Provisional
Patent Application Nos. 61/420,580 and 61/420,582, both
filed Dec. 7, 2010, the entire disclosures of which are
expressly incorporated by reference herein, may be referred
to. Regarding the selective reflection band exhibited by a
chiral liquid crystal polymer composition the explanations in
U.S. Pat, No. 7,742.136 or US 2010/0025641, the entire dis-

closures of which are expressly incorporated by reference 50

herein, may, for example, be referred 10.

The extent to which the position of the selective reflection
band exhibited by a given cured chiral liquid crystal precursor
composition can be shified by the presence of a salt depends
on various factors such as, inter alia, the cation of the salt, the
anion of the salt, and the concentration of the salt per gram of
dry extract. Usually it is preferred for a salt to be present in a
given chiral liquid crystal precursor composition at a concen-
tration which shifts the position of the selective reflection
band exhibited by a cured chiral liquid crystal precursor com-
position by at least about 5 nm, e.g., by at least about 10 nm,
by at least about 20 nm, by at least about 30 nm, by at least
about 40 nm, or by at least about 50 nm. Suitable (total) salt
concentrations are often within the range of from about
0.01%to about 10% by weight, e.g., from about 0.1% to about
5% by weight, based on the solids content of the chiral liquid
crystal precursor composition. Salt concentrations above the
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indicated ranges are often difficult to achieve due to the lim-
ited solubility of the salt in the chiral liquid crystal precursor
composition,

Non-limiting examples of suitable salts include salts which
comprise a metal cation (main group metals, transition met-
als, lanthanides and actinides). For example, the metal may be
an alkali or alkaline earth metal such as, e.g., Li, Na. Li salts
are particularly preferred. Further non-limiting examples of
suilable salts include quaternary ammonium salts such as
tetraalkylammonium salts. Examples of suitable anions
include “regular” ions such as, e.g., halide (e.g., fluoride,
chloride, bromide, iodide), perchlorate, nitrate, nitrite, sul-
fate, sulfonate, sulfite, carbonate, bicarbonate, cyanide, cyan-
ate, and thiocyanate, as well as complex ions such as, e.g.,
tetrafluoroborate. Specific but non-limiting examples of suit-
able salts include lithium perchlorate, lithium nitrate, lithium
tetrafluoroborate, lithium bromide, lithiom chloride, tetrabu-
tylammonium perchlorate, tetrabutylammonium chloride,
tetrabutylammonium tetrafluoroborate, tetrabutylammonium
bromide, sodium carbonate, sodium chloride, and sodium
nitrate. Of course, mixtures of two or more salts (e.g., two,
three, four or more salts) may be used as well. If two or more
salts are present, they may or may not comprise the same
cation and/or the same anion. In an other aspect, the at least
one salt may comprise lithium perchlorate and/or lithium
bromide.

A non-limiting example of a first modifying agent for use
in the present invention includes a substance and in particular,
aresin that is capable of changing the position of the selective
reflection band exhibited by a cured chiral liquid crystal pre-
cursor composition which contains a salt that is capable of
changing the position of the sclective reflection band exhib-
ited by the cured chiral liquid crystal precursor composition
(in the chiral liquid crystal state) compared 1o the position of
the selective reflection band exhibited by the cured composi-
tion without the salt. Such a resin will hereafter be referred 10
as “modifying resin.” In this regard, the detailed explanations
in U.8. Provisional Patent Application Nos. 61/420,580 and
61/420,582, may again be referred to.

Themodifying resin for use as a firstmodifying agentinthe
present invention will usually be arranged between the sub-
strate and the chiral liquid crystal precursor composition (and
in direct contact with the latter). A modifying resin for use in
the present invention is not particularly limited as long as itis
capable of changing at least one optical property that is exhib-
ited by the cured chiral liquid crystal precursor composition
on the substrate 1o a noticeable extent. In this regard, it is
preferred for the modifying resin to at least be capable of
shifting the position of the selective reflection band as repre-
sented by A, and in particular, fo be capable of shifting &, ..
by atleast about 5 nm, e.g., by at least about 10 nm, by at least
about 20 nm, by at least about 30 nm, by at least about 40 nm,
or by at least about 50 nm, This capability depends on various
factors such as, inter alia, the components of the chiral liquid
crystal precursor composition, for example, the salt(s) and the
chiral dopant(s) comprised therein, and the presence (or
absence) of functional groups in the modifying resin (and
thus on the surface thereof).

Iixamples of modifying resins which are suitable for use as
first modifying agent in the present invention include those
made from one or more (e.g., one, two, three, or four) poly-
merizable monomers which include one or more (e.g., one,
two or three) heteroatoms selected from, e.g., O, N, or 8. In
this regard, it is 1o be appreciated that the polymerizable
monomers are not limited to those which are polymerizable
by free radical polymerization. Rather, these monomers also
include, for example, monomers which are polymerizable by
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cationic and/or anionic polymerization and/or by polycon-
densation, Accordingly, non-limiting examples of resins
which are suitable for the purposes of the present invention
include organic resins such as polyacrylates, polymethacry-
lates, polyvinylethers, polyvinylesters, polyesters, poly-
cthers, polyamides, polyurcthanes, polycarbonates, polysul-
fones, phenolic resins, epoxy resins, and mixed forms of these
resins. Mixed inorganic/organic resins such as silicones (e.g.,
polyorganosiloxanes) are suitable as well. One particular type
of resin that can be used in the present invention are aqueous
resins such as, e.g., polyamide resins (for example CAS No
175893-71-7, CAS No 303013-12-9, CAS No 393802-62-5,
CAS No 122380-38-5. CAS No 9003-39-8).

Non-limiting examples of modifying resins for use as first
modifying agent in the present invention further include those
which are made from one or more monomers selected from
polyether acrylates, modified polyether acrylates (such as,
e.g., amine-modified polyether acrylaies), polyester acry-
lates, modified polyester acrylates (such as, e.g., amine-
modified polyester acrylates), hexafunctional polyester acry-
lates, tetrafunctional polyester acrylates, aromatic
difunctional urethane acrylates, aliphatic difunctional ure-
thane acrylates, aliphatic trifunctional urethane acrylates, ali-
phatic  hexafunctional  urethane  acrylates, urethane
monoacrylates, aliphatic diacrylates, bisphenol A epoxy
acrylates, modified bisphenol A epoxy aerylates, epoxy acry-
lates, modified epoxy acrylates (such as, e.g., fatty acid modi-
fied epoxy acrylates), acrylic oligomers, hydrocarbon acry-
late oligomers, ethoxylated phenol acrylates, polyethylene
glycol diacrylates, propoxylated neopentyl glycol diacry-
lates, diacrylated bisphenol A derivatives, dipropylene glycol
diacrylates, hexanediol diacrylates, tripropylene glycol dia-
crylates, polyether tetraacrylates, ditrimethylol propane tet-
raacrylates, dipentaerythrito] hexaacrylates, mixtures of pen-
taerythritol tri- and tetraacrylates, dipropylene glycol
diacrylates, hexanediol diacrylates, cthoxylated trimethylol
propane triacrylates, and tripropylene glycol diacrylates (op-
tionally in combination with one or more monomers which
are different from the above monomers).

It is to be appreciated that a modifying resin for use in the
present invention does not have to be completely cured (poly-
merized) or dried before it is contacted with a chiral liquid
erystal precursor composition as long as it is able to withstand
the components and in particular, the solvent that may be (and
usually will be) present in the (uncured) chiral liquid crystal
precursor composition (e.g., that the modifying resin does not
get dissolved thereby to any significant extent). The curing of
anonly partially cured modifying resin may be completed, for
example, together with the curing of the chiral liquid crystal
precursor (e.g.. by UV-radiation).

One of the advantages of the present invention over the
existing prior art (as illustrated in, e.g., WO 2001/024106,
WO 2008/127930, the entire disclosures of which are incor-
porated by reference herein) is the ability to create perfect
register without using mask techniques. By perfect register is
meant the possibility to have in very few steps and/or process
(es) steps a single layer of liquid erystal polymer wherein two
or more zones with simultaneously different color shifting
properties and/or different positions of the selective reflection
band are present, and these zones can be perfectly adjacent
without either a gap or an overlap between them, This advan-
tage stems from the fact that the chiral liquid crystal precursor
composition is applied in one step, and its propertics are
locally modified by the modifying resin. To obtain a similar
result without the instant method, one would have to apply
and cure two or more chiral liguid crystal precursor compo-
sitions in successive steps with excessively high precision in
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order for them to cover adjacent regions without gaps or
overlaps. The instant method allows straightforward creation
of logo, marking, coding, barcode, pattern, data matrix, etc.
which contains different information and/or color at the same
time. The possibilities afforded by the instant methed include
using mixtures of modifying resins (e.g., mixtures of two,
three, four or more modifying resins), both in the form of
cured physical mixtures of two or more modifying resins and
in the form of two or more different modifying resins which
are (separately) present on different locations of the surface of
the substrate.

Alternatively or additionally, two or more different chiral
liquid crystal precursor compositions which differ, for
example, in the concentration of salt(s) contained therein
and/or differ by containing different salts therein may also be
used. This alone gives rise to a large number of possible
combinations of chiral liquid crystal precursor compositions
and medifying resins which may be present on the surface of
a single substrate. This large number of possible combina-
tions allows, among others, the possibility of creating a spe-
cific code and/or marking which is difficult to counterfeit
because anyone who wants to reproduce it would have lo
know the exact composition of the chiral liquid crystal pre-
cursor compositions, the type, amount, and concentration of
salt(s) contained therein and the nature of the modifying
resin(s). The already large number of possible combinations
can be further (and significantly) increased by using more
than one second modifying agent in combination with one or
more (or each) of the combinations of chiral liquid crystal
precursor composition(s) and first modifying agent(s). The
incorporation of additional specific security elements such as,
e.g., near-infrared, infrared and/or UV security clements,
magnetic particles, pigments in at least two different size
ranges such as, e.g., “normal” size and nanoscale pigments
{known exclusively to the producer of the marking) into the
chiral liquid crystal precursor composition and/or into the
modifying resin, makes counterfeiting even more difficult.
Accordingly, the present invention also contemplates and
encompasses the use of chiral liquid crystal precursor com-
positions and modifying resins which comprise such addi-
tional specific security elements.

It also is to be appreciated that the present invention is not
limited to the visible range of the clectromagnetic spectrum.
For example, a modifying resin for use in the present inven-
tion may shift all or a part of the selective reflection band
exhibited by a cured chiral liquid crystal precursor composi-
tion from the IR range to the visible range, or from the visible
range to the UV range, or from the IR range to the UV range,
and vice versa e.g from UV to visible.

The chiral liquid crystal precursor composition and the
composition for making the modifying resin or other first
modifying agent can be applied onto the surface of the sub-
strate or item by any suitable method such as, for example,
spray coating, knife coating, roller coating, screen coating,
curtain coating, gravure printing, flexography, offset printing,
dry offset printing, letterpress printing, screen-printing, pad
printing, and ink-jet printing (for example continuous ink-jet
printing, drop-on-demand ink-jet printing, valve-jet print-
ing). In one of the embodiments of the present invention the
application (e.g., deposition) of a composition for making the
layer or pattem and/or a composition for making the modi-
fying resin is carried out with a printing technique such as,
e.g.. ink jet printing (continuous, drop-on-demand, etc.), flex-
ography, pad printing, rotogravure printing, screen-printing,
etc. Of course, other printing techniques known by those of
skill in the art of printing may be used as well. In one of the
preferred embodiments of the invention flexography printing
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is employed both for applying the modifving resin and for
applying the chiral liquid crystal precursor composition. In
another preferred embodiment of the invention, ink jet print-
ing techniques are used both for applying the modifying resin
and for applying the chiral liquid crystal precursor composi-
tion. It also is contemplated that two different techniques can
be used respectively to apply the modifying resin and the
chiral liquid crystal precursar composition. The industrial ink
jet printers, commonly used for numbering, coding and mark-
ing applications on conditioning lines and printing presses,
are particularly suitable. Preferred ink-jet printers include
single nozzle continuous ink jet printers (also called raster or
multi level deflected printers) and drop-on-demand ink-jet
printers, in particular valve-jet printers, The thickness of the
applied liquid crystal polymer composition, after curing,
according to the above described application techniques, will
usually be at least ahout 1 pm, e.g., at least about 2 pum, or at
leastabout 3 um or at least about 4 pum, and will usually be not
more than about 20 pm, e.g.. not more than about 15 pm, not
more than about 10 pm, or not more than about 6 pm. The
thickness of the applied modifying resin, after curing, accord-
g to the above deseribed application techniques will usually
beatleastabout | jun, e.g., atleast about 2 pm or at least about
3 pm, orat least about 5 um, but will usually be not more than
about 10 um.

In particular if a composition for use in the present inven-
tion (i.e., a composition for making a chiral liquid crystal
precursor or a composition for making a modifying resin)is to
be applied by the printing techniques set forth above the
composition will usually comprise a solvent to adjust its
viscosity to a value which is suitable for the employed appli-
cation (printing) technique. Typical viscosity values for
flexographic printing of the composition used in the present
invention are in the range of from about 10 seconds to about
120 seconds, preferably 10 to 100 seconds, more preferably
10 to 60 seconds even more preferably 10 to 40 seconds using
e.g.acup DIN number4 at 25° C. Suitable solvents are known
to those of skill in the art. Non-limiting examples thereof
include low-viscosity, slightly polar and aprotic organic sol-
vents, such as, e.g., methyl ethyl ketone (MEK), acetone,
cyclohexanone, ethyl acetate, ethyl 3-ethoxypropionate, and
mixtures of two or more thereof.

Further, in particular if a composition for use in the present
invention (i.e., a composition for making a chiral liquid crys-
tal precursor or a composition for making a modifying resin)
is to be applied by (continuous) ink-jet printing, the compo-
sition will usually also comprise at least one conductivity
agent known by those of skill in the art.

If a chiral liquid crystal precursor composition and/or a
composition for making a modifying resin for use in the
present invention is to be cured/polymerized by UV radiation
the composition will also comprisc at least one photoinitiator.
Non-limiting examples of the many suitable photoinitiators
include a-hydroxyketones such as [-hydroxy-cyclohexyl-
phenyl-ketone and a mixture (e.g., about 1:1) of 1-hydroxy-
cyclohexyl-phenyl-ketone and one or more of benzophenone,
2-hydroxy-2-methyl-1-phenyl-1-propanone, and 2-hydroxy-
1-[4-(2-hydroxyethoxy)phenyl]-2-methyl-1-propanone;
phenylglyoxylates such as methylbenzoylformate and a mix-
ture of oxy-phenyl-acetic acid 2-[2-oxo0-2-phenyl-acetoxy-
ethoxy]-ethyl ester and oxy-phenyl-acetic 2-[2-hydroxy-
ethoxy]-ethyl ester; benzyldimethyl ketals such as alpha,
alpha-dimethoxy-alpha-phenylacetophenone;  a-aminoke-
tones such as 2-benzyl-2-(dimethylamino)-1-[4-(4-mor-
pholinyl)phenyl]-1-butanone  and  2-methyl-1-[4-(meth-
ylthio)phenyl]-2-(4-morpholinyl)-1-propanone; with the
above cited photoinitiators the composition may further com-
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prise co-initiators such as phosphine oxide and phosphine
oxide derivatives such as diphenyl(2.,4,6-trimethvlbenzoyl)-
phosphine oxide; phenyl bis(2,4,6-trimethylbenzoyl) sup-
plied by Ciba; and also thioxanthone derivatives such as
Speedeure 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.

If a composition for use in the present invention (i.e., a
composition for making a chiral liquid crystal precursor or a
composition for making a modifying resin) is to be cured by
a method which is different from irradiation with UV light
suchas, e.g., by means of high-energy particles (e.g., electron
beams), X-rays, gamma-rays, etc. the use of a photoinitiator
can, of course, be dispensed with.

It may also be possible or even desirable to cure especially
the composition for making a modifying resin thermally. In
this case the composition will usually contain at least one
thermal polymerization initiator such as, e.g., a peroxide or an
azo compound. Other examples of thermal polymerization
initiators are well known to those of skill in the art.

A chiral liquid crystal precursor composition and a com-
position for providing a modifying resin for use in the present
invention may also comprise a variety of other optional com-
ponents which are suitable and/or desirable for achieving a
particular desired property of the composition and in general,
may comprise any components/substances which do not
adversely affect a required property of the composition to any
significant extent. Non-limiting examples of such optional
components are resins, silane compounds, adhesion promot-
ers, sensitizers for the photoinitators (if present), etc. For
example, especially a chiral liquid crystal precursor compo-
sition for use in the present invention may comprise one or
more silane compounds. Non-limiting examples of suitable
silane compounds include optionally polymerizable silanes
such as those of formula R, R,R;—Si—R, wherein R, R,,
and R, independently represent alkoxy and alkoxyalkoxy
having a total of from 1 to about 6 carbon atoms and R,
represents vinyl, allyl, (C,_o)alkyl, (meth)acryloxy(C, s)
alkyl, and glycidyloxy(C, ,)alkyl such as, e.g., vinyltriethox-
ysilane, vinyltrimethoxysilane, vinyltris(2-methoxyethoxy)
silane, 3-methacryloxypropyl-trimethoxysilane,
octyltriethoxysilane, and 3-glycidyloxypropyl triethoxysi-
lane from the Dynasylan® family supplied by Evonik.

The concentration of the one or more silane compounds, if
present, in the chiral liquid crystal precursor composition will
usually be from about 0.5% to about 5% by weight, based on
the total weight of the composition.

Inorder to strengthen the security of the marking according
to the present invention a composition for making a modify-
ing resin and/or a composition for making a chiral liquid
crystal precursor for use in the present invention may further
comprise one or more pigments and/or dyes which absorb in
the visible or invisible region of the electromagnetic spectrum
and/or one or more pigments and/or dyes which are lumines-
cent and/or one or more magnetic particles and/orone or more
pigments in different size ranges (e.g., “normal” size and
nanoscale pigments). Non-limiting examples of suitable pig-
ments and/or dyes which absorb in the visible or invisible
region of the electromagnetic spectrum include phthalocya-
nine derivatives. Non-limiting examples of suitable lumines-
cent pigments andfor dyes include lanthanide derivatives.
Non-limiting examples of suitable magnetic pigments
include particles of transitional metal oxides such as iron and
chromium oxides. The presence of pigment(s) and/or dye(s)
will enhance and reinforce the security of the marking against
counterfeiting.
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Following the application of the chiral liquid crystal pre-
cursor composition in the form of a layer or a pattern on the
surface of the substrate or item carrying the one or more first
modifying agents in the one or more first areas the composi-
tion may be brought to a chiral liquid crystal state exhibiting
the initial set of optical properties (and the first modified set of
optical properties in the one or more first areas). To that end
the chiral liquid crystal precursor composition is heated,
whereby the solvent contained in the compoasition, if present,
is evaporated and the promotion of the desired chiral liquid
crystal state takes place. The temperature used to evaporate
the solvent and to promote the formation of the liquid crystal
state depends on the components of the chiral liquid crystal
precursor composition and will in many cases range from
about 55° C. to about 150° C., e.g., from about 55° C. to about
100° C,, preferably from about 60° C. to about 100° C.
Examples of suitable heating sources include conventional
heating means such as a hot plate, an oven, a stream of hot air
and in particular, radiation sources such as, e.g., an IR lamp.
The required heating time depends on several factors such as,
e.g., the components of the chiral liquid crystal precursor
composition, the type of heating device and the intensity of
the heating (energy output of the heating device). In many
cases a heating time of from about 0.1 5, about 0.5 s, or about

1 second to about 30 secands such as. e.g., not more than 2

about 20 seconds, not maore than about 10 seconds, or not
more than about 5 seconds will be sufficient.

Following the formation of the chiral liquid crystal state the
second modifying agent(s) may be applied onto the one or
more second areas of the composition in the initial chiral
liquid crystal state (and optionally also onto one or more of
the one or more first areas or parts thereof), The second
modifying agent is capable of changing the initial chiral lig-
uid crystal state {optionally upon heating, depending on the

type of the second modifying agent) and the first modified 3

chiral liquid crystal state (if applied to a first area or a part
thereof). The second modifying agent may be applied while
the chiral liquid crystal precursor composition is still in a
heated state (e.g., immediately following the completion of
the heating operation) or may be applied after the chiral liquid
crystal precursor composition has cooled down to at least
some extent (e.g., is at substantially room temperature). If
desired, the cooling of the chiral liquid crystal precursor
composition can be accelerated by means known to those of
skill in the art such as, e.g., by blowing ambient air onto the
previously heated composition. Applying the second modi-
fying agent to the chiral liquid crystal precursor composition
i a cooled-down state may improve the resolution of the
marking. On the other hand. applying the second modifying
agent immediately after completion of the heating operation
may be desirable if the entire process of making the marking
15 to be conducted in an as simple and speedy as possible
manner.

The second modifying agent for use in the present inven-
tion will not extract any of the compounds which form the
initial or first modified chiral liquid crystal state and will also
not modify the chemical structure of these compounds to any
significant extent (and preferably, not at all). Without wishing
to be bound by any theory, it is speculated that at least some of
the second modifying agents that can be employed will ini-
tiate a very localized and controlled reorganization of the
chiral liquid crystal state.

In the marking according to the present invention the sec-
ond modilying agent usually will, depending on its nature,
modify the initial (unmodified) chiral liquid crystal state (and,
if applied in one of the one or more first areas or parts thereof,
also the first modified chiral liquid erystal state) from a (pre-
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dominantly or substantially) anisotropic state which is char-
acterized by specific optical properties to:

(i) a (predominantly or substantially) isotropic liquid crystal
state where the color shifting properties of the chiral liquid
crystal state are substantially absent and/or no longer detect-
able with the unaided eye (as provided by, e.g.. a species [
modifying agent set forth below), or

(i1) a (second) modified chiral liquid crystal state exhibiting a
second modified set of optical properties with at least one
optical property that is different from a corresponding optical
property of the initial chiral liquid crystal state (as provided
by, e.g., a species II or species 111 modifying agent set forth
below).

The second modifying agent may, for example, be a “'spe-
cies I" modifying agent. A species I modifying agent will
usually comprise one or more aprotic organic compounds
which are liquid at room temperature and preferably have a
relatively high dipole moment and a relatively high dielectric
constant. Non-limiting examples thereof include ketones
having from 3 to about 6 carbon atoms, alkyl esters and
dialkylamides of carboxylic acids which comprise a total of
from 2 to about 6 carbon atoms, dialkyl sulfoxides compris-
ing a total of from 2 to about 4 carbon atoms, and optionally
substituted (e.g., alkyl-substituted) nitrobenzene such as,
e.g., dimethyl ketone, methy] ethyl ketone, ethy] acetate, dim-
ethyl formamide, dimethy! sulfoxide, nitrobenzene, nitro-
toluene, and mixtures of two or more thereof. Preferred com-
pounds for use in or as species 1 modifying agent include
acetone, methyl ethyl ketone and ethyl acetate.

A species I modifying agent for use in the present invention
may further comprise one or more resins to adjust its viscos-
ity. Of course, the resin(s) must be compatible with the appli-
cation (e.g., printing) technique that is to be employed. Non-
limiting examples of resins which may be suitable, depending
on the particular circumstances, include polyesters resins
such as, e.g, DYNAPOL® L 1203, L, 205, L 206, L. 208, L
210,L 411, L 651, 1L.658, L 850, L 912, 1. 952, LH 530, LH
538, LH 727,LH 744, LH 773, LH 775, LH 818, LH 820, LH
822,LH 912, LH 952, LH 530, LLH 538, LH 727, LIT1744, L1
773,LH 775, LH 818, LH 820, LH 822, LH 823, LH 826, LH
828, LH 830, LH 831, LH 832, LH 833, LH 838, LH8938, LH
008, 1.8436, LS615, P1500, S1218, S$1227, S1247, $1249,
S1252, 81272, 81401, 51402, §1426, $1450, $1510, S1606,
S1611, 8243, S320, 8341, S361, 5394, and S EP1408 from
Evonik. Other suitable resins known to those of skill in the art
may be used as well. In a preferred embodiment the one or
more resins are selected from DYNAPOL® L 1203, L 205, L.
206,1,208,L.210,1.411, L 651, 1.658, L 850, L 912, L 952,
LH 530, LH 538, LH 727, LH 744 from Evonik. A typical

) concentration range for the one or more resins is from about

3% to about 15% by weight, based on the total weight of the
specics I modifying agent.

The species I modifying agent may further comprise one or
more conductivity agents such as, e.g., salts which are to
impart sufficient conductivity to the species I modifying
agent so as 10 allow its use in combination with a printer such
as, e.g., a continuous ink jet printer. Examples of suitable
conductivity agents include those which are set forth above as
examples of conductivity agents for use in the chiral liquid
crystal precursor composition of the present invention such
as, e.g., tetrabutyl ammonium nitrate, tetrabutyl ammonium
perchlorate, tetrabutyl ammonium hexafluorophosphate,
potassium hexafluorophosphate, potassium  thiocyanate,
lithium perchlorate and other conductivity agents known in
the art.

When the species | modifying agent comprises a solvent or
a solvent mixture, after the evaporation of the solvent the
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initial chiral liquid crvstal state (and also the first modified
chiral liquid crystal state, if applicable) will locally (in the one
or more second areas) change from a (predominantly or sub-
stantially) optically anisotropic state to a (predominantly or
substantially) optically isotropic state.

The second modifying agent may further be a “species 11"
modifying agent, i.e., a (second) chiral liquid crystal precur-
sor composition. The chiral liquid crystal precursor compo-
sition for application in one or more second areas of the chiral
liquid precursor compaosition may be the same as or different
from the base chiral liquid precursor composition to be modi-
fied. Further, everything that is set forth above with respect to
the base chiral liquid precursor composition (e.g., compo-
nents, application methods, ete.) applies equally and without
exception also to the chiral liquid precursor composition for
us as a second modifying agent (species 1l modifying agent).
FFor example, as in the case of the base chiral liquid crystal
precursor composition the one or more chiral dopant com-
pounds B will usually be present in the species 11 modifying
agent in a total concentration of from about 0,1% to about
30% by weight, e.g., from about 0.1% to about 25%, or from
about 0.1% to about 20% by weight, based on the total weight
of the species 1I modifying agent. Also, the one or more
nematic compounds A will often be present in the species I1
modifying agent in a concentration of from about 30% to
about 50% by weight, based on the 1otal weight of the species
11 modifying agent.

If the species 11 modifying agent is different from the base
chiral liquid crystal precursor composition to be modified the
one or more differences may relate to, c.g., one or more of the
compounds A and B and/or a salt as described in [0114] that
are present in these compositions and/or to the concentrations
of one or more of these compounds. For example, a or the only
difference between these compositions may be that one or
more (or all) of the chiral dopant compounds B are present in
the species 11 modifying agent in a concentration/concentra-
tions that is/are different from the corresponding concentra-
tion/concentrations in the hase composition. Further, a or the
only difference between these compositions may be that the
one or more chiral dopant compounds B in the base compo-
sition are of formula (1) above and/or related formulae and at
least one of the one ormore chiral dopant compounds B in the
species Il modifying agent is different [rom formula (T) and/or
related formulae. For example, at least one of the one or more
chiral dopant compounds B in the species 11 modifying agent
may be an isosorbide or isomannide derivative as described
in, e.g., EP-B-0 847 432, GB-A-2 330 139, and U.S, Pat. No.
6,589,445, the entire disclosures of which are incorporated by
reference herein,

It is to be appreciated here that if the species 1l modifying
agent is different from the base chiral liquid crystal precursor
composition it may also be applicd to one or more areas on the
surface of the substrate or item which do not carry the base
composition (but may optionally carry a first modifying
agent). In this way a further variability in the marking of the
present invention may be created, i.e., one or more areas with
a species 11 modifying agent in a chiral liquid crystal state
(obtained after renewed heating) and/or one or more areas
with a species 11 modifying agent whose chiral liquid crystal
state (formed after heating) is modified by the first modifying
agent.

After the application (e.g. deposition) of the species H
modifying agent to the one or more second areas of the base
chiral liquid crystal precursor composition in the chiral liquid
crystal state the system is brought to a second modified chiral
liquid crystal state to obtain the second modified set of optical
properties in the one or more second areas. To that end at least
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the one or more second arcas is heated, whereby the solvent
contained in the species 11 modifying agent, if present, is
evaporated and the promotion of the desired second modified
chiral liquid crystal state in the one or more second areas takes
place. The temperature used to evaporate the solvent and to
promote the formation of the second modified chiral liquid
crystal state depends on the components of the species 11
modifying agent and will in many cases range from about 55°
C. to about 150° C., e.g., from about 55° C. to about 100° C.,
preferably from about 60° C. to about 100° C. Examples of
suitable heating sources include conventional heating means
and in particular, radiation sources such as, e.g.. an IR lamp

Itisto be appreciated here thatin the case of using a species
11 modifying agent i.e.. a (second) chiral liguid crystal pre-
cursor composition, as a second modifying agent the marking
according to the present invention is not identical or compa-
rable to a simple superposition of two chiral nematic liquid
crystal layers. This constitutes a significant difference over
the prior art. In particular, when the base chiral liquid crystal
precursor composition is deposited on a substrate and brought
to the initial chiral liquid crystal state this state is character-
ized by a pitch p1. Likewise, when the second chiral liquid
crystal precursor composition (species 11 modifying agent) is
deposited on one or more second areas of the base composi-
tion and brought to the second modified chiral liquid crystal
state the second modified state is characterized by a pitch p2
(which may be the same or different from p1). In this regard,
it is pointed out that the product that is obtained after curing/
polymerizing in the process of the present invention is not a
superpositionof a first chiral liquid crystal state having a pitch
pl and a second chiral liquid crystal state having a pitch p2.
Rather, an area carrying the second chiral liquid crystal pre-
cursor composition, once brought to the second modified
chiral liquid crystal state, has a pitch p2' which is different
from p1 and p2 but it is somewhat dependent on the nature of
pl.

In yet another embodiment of the present invention the
second modifying agent may be a “species 111" modifying
agent, i.e., a chiral dopant composition. The chiral dopant
composition preferably comprises one or more (e.g., one,
two, three or four) chiral dopant compounds C of formula (1)
set forth above and/or related formulae. In a more preferred
embodiment the chiral dopant composition comprises at least
one chiral dopant compound C and at least one other chiral
dapant compound D which is different from a compound of
formula (I) and related formulae. The at least one chiral
dopant compound D may be selected, for example, from the
derivatives of isosorbides and isomannides which are dis-
closed in. e.g., EP-B-0 847 432, GB-A-2 330 139, and U.S.
Pat. No. 6,589,445, the entire disclosures of which are incor-
porated by reference herein.

As chiral dopant compounds C which are preferably
present in the chiral dopant composition (species 11 modify-
ing agent) the chiral dopant compounds B set forth above
may, for example, be used. Accordingly, everything that is set
forth above with respect to compounds B applies equally and
without exception also to compounds C. Also, it is to be
appreciated thata (or the only) chiral dopant compound C that
is present in the chiral dopant composition may be identical to
a (or the only) chiral dopant compound B that is present in the
chiral liquid crystal precursor composition.

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



US 8,821,756 B2

31

e.g., from 5% to 8% by weight, bascd on the total weight of
the chiral liquid crystal precursor composition.

Additional information relating to species I, II and III
second modifying agents may be found in U.S. patent appli-
cation Ser. Nos. 12/783,068; 12/783,078; 12/783,081 and
12/783,088, all filed May 19, 2010, the entire disclosures of
which are expressly incorporated by reference herein.

In particular if the chiral dopant composition is to he
applied by the printing techniques set forth above, for
example, by ink jet printing, the composition will usually
comprise a solvent to adjust its viscosity to a value which is
suitable for the employed application (printing) technique.
‘Typical viscosity values for ink-jet printing inks are in the
range of from about 4 to about 30 mPa-s at 25° C. Suitable
solvents are known to those ol skill in the art. Non-limiting
examples thereof include low-viscosity, slightly polar and
aprotic organic solvents. such as, e.g., methyl ethyl ketone
(MEK), acetone, ethyl acetate, ethyl 3-ethoxypropionate,
toluene and mixtures of two or more thereof. Others suitable
components needed for printing techniques used in the con-
text of the present invention may also be present (resins, salts,
etc.) and are known to those of skilled in the art. For example,
the chiral dopant composition may comprise one or more
conductivity agents such as, e.g., salts which are to impart
sufficient conductivity 1o the chiral dopant composition so as
to allow its use in combination with a printer such as, e.g., a
continuous ink jet printer. Examples of suitable conductivity
agents include those which are set forth above as examples of
conductivity agents for use in the chiral liquid crystal precur-
sor composition of the presentinvention such as, e.g., tetrabu-
tyl ammonium nitrate, tetrabutyl ammonium perchlorate, tet-
rabuty] ammonium  hexalluorophosphate,  potassium
hexafluorophosphate, potassium thiocyanate, lithium per-
chlorate and other conductivity agents known in the art.

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

In the marking according to the present invention the depo-
sition of the one or more second modifying agents (species 1
modifying agent and/or species 11 modifying agent and/or
species 111 modifying agent) may be performed onto one or
mare second areas of the chiral liquid crystal precursor com-
position in the initial chiral liquid crystal state (which second
areas may include or exclusively be the one or more first areas
or parts thereof in which the composition is in the first modi-
fied chiral liquid crystal state), preferably with a printing
technique and in particular, a technique selected from con-
tinuous ink-jet printing, drop-on-demand ink jet printing,
valve jet printing and spray coating. The advantage, in par-
ticular compared to the prior art using lasers or extracting
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agents on polymerized or partially polymerized liquid crys-
tals is the speed and ease of the formation of the marking,
which is generated in almost real time. Another advantage of
using the above printing techniques is the precision and the
stability of the marking created inside the chiral liquid crystal
state, Another advantage of using this printing technique is
the nearly unlimited possibilities of marking which can be
created and varied in almost real time. In a preferred embodi-
ment ink-jet techniques are vsed for applying the modifying
composition. The industrial ink-jet printers, commonly used
for numbering and coding and marking applications on con-
ditioning lines and printing presses, are particularly suitable,
Preferred ink-jet printers are single nozzle continuous ink jet
printers (also called raster or multi level deflected printers)
and drop-on-demand ink jet printers, in particular valve-jet
printers.

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

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

As in the case of the first modifying agent it is, of course,
possible to use more than one second modifying agent (e.g.,
two, three or more different second modifying agents) and to
apply them simultaneously and/or successively onto the
applied chiral liquid crystal precursor composition (e.g., in
different areas of the applied chiral liquid crystal precursor
composition). Merely by way of example, the different sec-
ond modifying agents may comprise two different species 111
modifying agents, or they may comprise a species I modify-
ing agent, a species 11 modifying agent and a species 111
modifying agent, or they may comprise two different species
I1 modifying agents and a species 1 modifying agent, ete. It
also is possible, for example, to apply a first second modify-
ing agent and to thereafler apply a different second modifying
agent in at least a part of the area(s) in which the initially
applied first second modifying agent has been applied (and,
optionally, also in one or more areas where the first second
modifying agent has not been applied). In this regard, it
further is to be appreciated that especially in cases where both
a species I modilying agent and a species 11 modifying agent
and/or a species 111 modifying agent are employed, it may be
desirable for reasons of convenience to carry out the heating
that is needed for a species 11 or species 111 modifying agent
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also in the case of the species 1 modifying agent. In other
words, while not necessary. it is possible to (again) heat the
chiral liquid crystal precursor composition after the applica-
tion of the species I modifying agent (and optionally, the
passing of air over the surface of the chiral liquid crystal
precursor composition) to further modify the chiral liquid
crystal state and/or to remove any residual solvent that was
present in the species | modifying agent. However, in most
cases an (additional) heating operation after the application of
the species 1 modifying agent will not be necessary. If
employed, the temperature used for this (optional) heating
operation will in many cases range from about 55° C. to about
150° C., e.g., from about 55% C. to about 100° C., or from
about 60° C. to about 100° C, Examples of suitable heating
sources include conventional heating means and in particular,
radiation sources such as, e.g.. an IR lamp.

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

In order to strengthen the security of the marking according
to the present invention the second modifying agent may
further comprise one or more pigments and/or dyes which
absorb in the visible or invisible region of the electromagnetic
spectrum and/or may further comprise one or more pigments
and/ordyes which are luminescent. Non-limiting examples of
suitable pigments and/or dyes which absorb in the visible or
invisible region of the electromagnetic spectrum include
phthalocyanine derivatives. Non-limiting examples of suit-
able luminescent pigments and/or dyes include lanthanide
derivatives. The presence of pigment(s) and/or dye(s) will
enhance and reinforce the security of the marking against
counterleiting. Of course, in addition to the components dis-
cussed above the modifying composition for use in the
present invention may comprise any other components/sub-
stances which do not adversely aflect the required properties
of the modifying composition ta any significant extent.

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

Accordingly, an entire process for making a marking of the
present invention may comprise the following steps (using
one first modifying agent and one second modifying agent):

providing a functionalized substrate which comprises a

first modifying agent onto the surface of a substrate or
item;

Curing and/or drying the applied modifying resin at least

partially, for instance fully;

Applying a (salt-containing) chiral liquid crystal precursor

composition onto a portion of the substrate that has the
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modifying resin thereon so that the chiral liquid crystal
precursor composition covers the modifying resin in the
one or more first areas of the applied composition;

Heating the applied chiral liquid crystal precursor compo-

sition to bring 1t to the chiral liquid crystal state;

Applying a second modifying agent to the one or more

second areas of the chiral liquid crystal precursor com-
position in the chiral liquid crystal state;
Heating the chiral liquid crystal precursor composition
onto which the second modifying agent has been applied
(for species 11 and species 111 modifying agents);

Curing/polymerizing the liquid crystal precursor compo-
sition in a chiral liquid crystal polymer state (and option-
ally, completing the curing and/or drying of the modify-
ing resin) to obtain the marking according to the present
invention.

It is to be noted here that no substantial curing/polymeriz-
ing of the chiral liquid crystal precursor composition takes
place until the end of the described production process.

By functionalized substrate it is meant a substrate as
described above which comprise the first modifying agent
according to the present invention (e.g the at least one resin as
described above cured and/or dried, see FIG. 1)

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

EXAMPLE 1

A PET substrate (thickness 50 pm) is functionalized with a
UV curable resin vsed as a first modifying agent. This first
modifying agent is deposited on the substrate using a flexo-
graphic printing process in one or more first areas and is cured
with a UV dryer. The functionalized substrate is placed on a
conveyor belt and is passed under a first continuous inkjet
nozzle (Head 1; CIJ printer from Domino, UK jet pressure
2500-3000 mbar; nozzle width 75 pm) which contains a
chiral liquid crystal precursor composition (see Composition
1 below). Head 1 applies a layer of Composition 1 (thickness
5 pm) onto the functionalized substrate. Thereafier the thus
coated substrate is heated with an IR lamp (Strip IR, PCS Inc.
& Research Inc., USA; lamp length 15 em; 500 W max) for
about 1 second to thereby promote the chiral liquid crystal
state of Composition 1. At this stage the chiral liquid crystal
layer which is on top of the functionalized substrate com-
prises one or more first areas exhibiting a first modified set of
optical properties (located in the areas where the resin has
been deposited) that is different from the initial set of optical
properties obtained in the areas where Composition 1 is
directly applied to the substrate, i.e., in the absence of the first
modifying agent., In a subsequent step the substrate having the
chiral liquid crystal layer thereon is passed under a second
continuous inkjet nozzle (Head 2) which applies a second
modifying agent (see Composition 2 below) on top of the
substrate in one or more areas where the first modifying agent
was not applied. The resulting product is subjected to a stream
of ambient air. It is observed that in the area(s) where the
second modifying agent has been deposited a second modi-
fied set of optical properties appears. This second set is dif-
ferent from the initial set of optical properties and from the
first set of optical properties. The substrate with the three
different areas (initial, first and second areas) is then subject
to curing with a UV dryer (see above) to fix the liquid crystal
polymer state and to obtain a marking according to the present
invention that exhibits at least three different sets of optical
properties.
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Composition 1:

Component %

Cholesteric compound B 6.50
Nematic compound Al 18.00
Nematic compound A2 18,00
TBACIO, 0,60
LiClo, 0,40
Irgacure 907 1.25
DETX 0,70
Silane 1.00
Acetone 53,25

TBACIO, = tert-Butylammonium perchlorate
DETX = 24-Diethylthioxanthone

Composition 2:

Component %

Chlorinated polyolefin 500
Polyvinyl butyral 5,00
KPFg 0.60
Fluorescent marker 4,00
MIBK 10,00
MEK 75,40

MIBK = Methyl isobutyl ketone
MEK = Methy| ethyl ketone

EXAMPLE 2

Example 1 is repeated but replacing Composition 2 by
Composition 3 set forth below. In contrast to Example 1 after
application of Composition 3 the resultant product is sub-

jected not only to a stream of ambient air but is also heated

with an IR lamp for about 1 second to promote the chiral
liquid crystal state of Composition 3.

The procedures set forth in Examples 1 and 2 are illustrated
in FIG. 1.

Composition 3:

Component %

Cholesteric compound B 7.50
Nematic eompound Al 17.65
Nematic compound A2 17.65
TBACIO, 0,60
LiClO, 0.40
Irgacure 907 125
DETX 0.70
Silane 1.00
Acetone 53.25

EXAMPLE 3 and 4

Examples 1 and 2 are repeated with the exception that Head
2 applies Composition 2 (Example 1) or Composition 3 (Ex-
ample 2) in one or more second areas which completely or
partially overlap or are located within one or more first areas,
to thereby create one or more areas which exhibit a (third)
modified set of optical properties that is different from the
initial, first and second sets of modified properties. Corre-
sponding patterns (including those obtained according to
Examples 1 and 2) are illustrated in FIG. 2. This allows, for
example, to create a data matrix which is the sum of dots of
different optical properties (e.g., different colors) within a

15

30

35

50

55

65

36

limited area, to thereby enhance the level of security (ifl for

example, the second modifying agent comprises a fluorescent

dye). In FIG. 3, shows a marking in the form of a data matrix
code generated as in Example as follow:

the first modifying agent is in form of a rectangle, wherein it

is superposed the liquid crystal polymer layer which has been

further modified by the second modifying agent in the form of

a data matrix.

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

What is claimed is:

1. A marking on an item or substrate, wherein the marking
comprises a layer or pattern of a chiral liquid crystal polymer
composition that exhibits an initial set of optical properties
and is made by curing a chiral liquid crystal precursor com-
position ina chiral liquid crystal state and wherein the layer or
pattern comprises
. (1) one or more first areas cxhibiting a first modified set of

optical properties that is.differentfrom the initial set of
optical properties and is obtainable-by-contacting-the
chiral liquid crvstal precursor composition in.the.one or
more first areas with a first modifying agent;

* (2) one or more second areas exhibiting a second modified
set of optical properties that is different from the initial
setofoptical properties and different from the first modi-
fied set of optical properties'and is obtainable by con-
tacting the chiral liquid crystal precursor composition in
the one or more second areas with a second modifying
agent that is of a different type than the first modifying
agent.

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

3. The marking of claim 1, wherein at least one first area is
not averlapped by any second area and/or at least one secand
area is not overlapped by any first area.

4. The marking of claim 1, wherein the initial, first and
second modified sets of optical properties differ with respect
to at least one property of light that is reflected by the chiral
liquid crystal polymer composition.

5. The marking of claim 4, wherein the at least one property
is selected from a spectrum, a polarization, and &, of the
reflected light.

6. The marking of claim 1, wherein the initial, first and
second sets of optical properties comprise at least one prop-
erty that is indicative of an optically anisotropic state of the
chiral liquid crystal polymer composition and/or is indicative
ofa conversion of an optically anisotropic state to an optically
isotropic state,

7. The marking of claim 1, wherein the chiral liquid crystal
precursor composition comprises (i) one or more nematic
compounds A, (ii) one or more chiral dopant compounds B
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that arc capable of giving rise to a cholesteric state of the
chiral liquid crystal precursor composition, and (1ii) at least
one salt that changes a maximum wavelength of a selective
reflection band (., ,,) exhibited by the polymer composition
compared to a maximum wavelength of a selective reflection
band (%, ) exhibited by a polymer composition that does not
contain the at least one salt.

8. The marking of claim 7, wherein the one or more nem-
atic compounds A as well as the one or more chiral dopant
compounds B comprise at least one compound that comprises
at least one polymerizable group.

9. The marking of claim 8, wherein the at least one poly-

merizable group comprises an unsaturated carbon-carbon
bond.

10, The marking of claim 8, wherein the at least one poly-
merizable group comprises a group of formula H,C=CH—
C(O)—.

11. The marking of claim 7, wherein all of the one or mare
nematic compounds A and all of the one or more chiral dopant
compounds B comprise at least one polymerizable group.

12. The marking of claim 7, wherein the chiral liquid
crystal precursor composition comprises at least one chiral
dopant compound B of formula (I):

0

wherein:

R, Ry Ry, Ry R, Rg, Ry and Ry each independently
denote C,-C, alkyl and C, -C; alkoxy;

A, and A, each independently denote a group of formula (i)

1o (iii):

—(c H,lr- 0),—C(0)—CH=CH,; o)
—C(O}-D,-0—{(CH,),—0].—C(0)—CH=CH; @i
—C(0)-D,-0—[(CH,),—0].—C(0)—CH,; (iii)

D, denotes a group of formula

s

(R
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D, denotes a group of formula

(Ry)
—=

\//

(Rg);

m, n, o, p, q, I, s, and t each independently denote 0, 1, or 2;

ydenotes 0, 1,2, 3,4, 5, or 6;

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

13. The marking of claim 7, wherein the at least one salt is
selected from metal salts and ammonium salts.

14, The marking of claim 13, wherein the at least one salt
comprises at least one of lithium perchlorate, lithium nitrate,
lithium tetrafluoroborate, lithium bromide, lithium chloride,
tetrabutylammonium perchlorate, tetrabutylammonium chlo-
ride, tetrabutylammonium tetrafluoroborate, tetrabutylam-
menium bromide, sodium carbonate, sodium chloride, and
sodium nitrate.

15. The marking of claim 1, wherein the chiral liquid
crystal precursor composition is in an optically anisotropic
state and wherein in the one or more first areas the optically
anisotropic state is changed to a first modified optically aniso-
tropic state, and/or in the one or more second areas the opti-
cally anisotropic state is changed to a second modified opti-
cally anisotropic state or converted to an optically isotropic
state.

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

17. The marking of claim 1, wherein the first modifying
agent is solid or semi-solid and the second modifying agent is
fluid.

18. The marking of claim 1, wherein the first modifying
agenl is virtually unable to penetrate the composition in the
uncured state and the second modifying agent at least par-
tially penetrates the composition in the uncured state.

19. The marking of claim 1, wherein the first modifying
agent is or comprises a resin made from one or more poly-
merizable monomers.

20. The marking of claim 19, wherein at least one of the one
or more polymerizable monomers comprises at least two
unsaturated carbon-carbon bonds.

21. The marking of claim 19, wherein at least one of the one
or more polymerizable monomers comprises at least one
heteroatom selected from O, N and S.

22, The marking of claim 19, wherein at least one of the one
or more polymerizable monomers comprises at least one
group of formula H,C—=CH—C(0)— or H,C=C(CH;)C
0=

23, The marking of claim 19, wherein the resin comprises
a radiation-cured resin.

24. The marking of claim 23, wherein the radiation-cured
resin comprises a UV-cured resin. '

25. The marking of claim 19, wherein the resin comprises
a dried aqueous resin.

26. The marking of claim 1, wherein the second modifying
agent is fluid and selected from one or more of (a) amodifying
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composition that comprises at least one compound sclected
from ketones having from 3 to about 6 carban atoms, alkyl
esters and dialkylamides of carboxylic acids which comprise
a total of from 2 to about 6 carbon atoms, dialky! sulfoxides
comprising a total of from 2 to about 4 carbon atoms, and
optionally substituted nitrobenzene, (b) a modifying compo=
sition that comprises at least one chiral liquid erystal precur-
sor composition, and (c) a modifying composition that com-
prises at least one chiral dopant composition,

27. The marking of claim 26, wherein the first modifying
agent is selected from a solid or semi-solid cured and/or dried
resin made from one or more polymerizable monomers, and
both the first modifying agent and the second modifying
agent change an initial maximum wavelength of a selective
reflection band (,,,,) exhibited by the chiral liquid crystal
precursor composition in the chiral liquid crystal state.

28. The marking of claim 1, wherein the first modifying
agent and the second modifying agent act from opposite sides
of the layer or pattern of the chiral liquid crystal precursor
composition.

29. The marking of claim 1, wherein the one or more first
areas and/or the one or more second areas are in a form ol at
least one of an image, a picture, a logo, indicia, and a pattern
representing a code selected from one or more of a 1-dimen-
sional barcade, a stacked 1-dimensional barcode, a 2-dimen-
sional barcode, a 3-dimensional barcode, a cloud of dots, a
network of lines and a data matrix.

30. The marking of claim 1, wherein at least a part of the
layer or pattem of the chiral liquid crystal polymer composi-
tion 1s in a form of at least one of an image, a picture, a logo,
indicia, and a pattern representing a code selected from one or
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more of a 1-dimensional barcode, a stacked 1-dimensional .

barcode, a 2-dimensional harcode, a 3-dimensional barcode,
a cloud of dots, a network of lines and a data matrix.

31. The marking of claim 1, wherein the item or subsirate 35

is or comprises at least one of a label, packaging, a cartridge,
a container or a capsule that contains foodstufls, nutraceuti-

40

cals, pharmaceuticals, or beverages, a banknote, a credit card,
a stamp, a tax label, anti-tamper seal, a security document, a
passport, an identity card, a driver’s license, an access card, a
transportation ticket, an event ticket, a voucher, an ink-trans-
fer film, a reflective film, an aluminum foil, and a commercial
good.

32. A method of providing a marking on an item or sub-

strate, wherein the method comprises:

a) applying onto a surface of an item or substrate which
carries a first madifying agent in one or more first areas
a curable chiral liguid crystal precursor composition
which has an initial chiral liquid crystal state upon heat-
ing it in such a way that the composition covers al least
a part of the one or more first areas, the first modifying
agent being able to modify an initial chiral liquid crystal
state of the composition;

b) heating the applied composition to bring the same to a
first modified chiral liquid crystal state in the one or
more first areas and to the initial chiral liquid crystal
stateinall other areas, if any, of the applied composition;

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

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

e) curing the thus modified chiral liquid crystal precursor
composition to produce a chiral liquid crystal polymer
marking on the item or substrate.

33. An item or substrate that is abtainable by the method of

claim 32.



