Chol esteric nonol ayers and nonol ayer pignments with
particul ar properties , their production and use The
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pi gments obtained therefromw th high brilliance and
vi ewi ng angl e- dependent col our change
(colour-flop/tilt effect) wdilh -additional particular
properties such as magneti zability, conductivity,

f Cholestexde, peonliayerscerand ampnolayssed®ignemes with
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terials having a 1iquid-crys (LC) structure with

a chiral phase (LC materials) |, also known as
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at en 315. Cholesteric LC |ayers are
pﬁ@FeFQﬁP? ﬁTQﬁP§tﬂP§n§ﬁ§réﬁ@lénﬁsﬁefIect light or
allowit to pass What is characteristic of these

I rs.i.§ a,sel.ective col.o reflectj function
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PSR035, oL IB LAY LSS LRI 0 Bt
r efdyectilanneol suructhependaert o6hiral phase (LC pigments)
are likewise produced commercially and used. This is
described, for example, in the German laid-open
specification DE 42 40 743 Al and in the patent US

5,362,315.

Cholesteric LC layers are preferably highly transparent
and reflect 1light or allow it to pass. What 1is
characteristic of these layers 1is a selective colour
reflection as a function of the viewing angle (colour-
flop/tilt effect), also known as optical variability.
Absorption does not occur in LC layers. Therefore,
cholesteric layers or pigments produced therefrom by
comminution do not possess any hiding power and, to
generate colour, have to be applied to dark
backgrounds, ideally to a black background, so that the
light fraction transmitted by them is absorbed by the
background and their reflection colour, dependent on
the viewing angle can be perceived. Alternatively, they
can be formulated with absorbent pigments, for example

carbon black. The significant disadvantage of this



the viewi ng angle can be perceived. Alternatively,
they can be fornulated with absorbent pignents, for
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thisnmethod is that a portian é)f_thei r colour effect is

el i m nated, since the opaque pignents cover sone of

the LC pignment platelets which can no | onger

contribute to the reflection and thus to the col our
efregdrod When tHudi t Poriedriptoperatfi eshefor eodaipt eeffect is

ceRduGhiavily, sTRgRetdRMohanged SIAW dSAl0rd&td Cor the
properties) or_ hiding power are to be introduced jnto
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materials are added to cholesteric LC m xtures, their

orientability is inpaired, as a result of which

r @hleact addi pi opet t peepemt iklsys Lot owxaapdeal sonductivity,

bril ar or as, e e
51 gg&?ﬁ%@éessgégé%gnf?ﬁﬁ%d@ (tct e ljgrtépc[aag%gtg]éﬁm%i’ or

1h9@19n97@omer gingcda e | dorgbread omtet @ﬁﬁ*%nTe%u%ayers,

PitgaENg s Nt Q1L Pe ichotgster imhdmt Bb%okBaHkt Sof N o@aque or
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ug%t%&%% Y% %%é%géfggirg%”%ﬁ%t the particular advantage

of cholesteric interference pigments 1is substantially

eliminated.

An additional problem is disclosed by the European
patent EP 1 009 776 Bl, in that a good fine dispersion
of extraneous pigments in the cholesteric matrix is
needed. Such a dispersion can be effected only in
combination with additives adjusted to the pigment
surface, for example fatty acids or lecithins, which,
though, disrupt the formation of the helical
orientation and thus optimal colour development. As a
consequence, cholesteric interference pigments which
give the impression of unattractive colour and have a

low colour-flop/tilt effect are obtained.

The European laid-open specifications EP 0 601 483 Al
and EP O 686 674 Al describe the incorporation of

carbon black or pigments into the cholesteric matrix.



| ow colour-flop/tilt effect are obtai ned. The European
| ai d- open specifications EP 0 601 483 A | and EP 0 686
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pigments into the chol esteric, mtrix. A possible
solution to this problemis indicated in the patents
EP 1 017 755 Bl, EP 1 009 776 Bl and DE 196 19 973 Al,

for exanple for the attai nnent of better hiding power
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provi si on of an_additi onal separa er wWith such
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i AP 0enced by t He Backrdb o and eRRIC £ ERTT SR

add 0dal gan- (Bliartglmag esmlﬁa;mélm respedts vehofpods thibite of
! '1%%09 otr'aféllﬂﬁfk% ung; nghe ¢ S?Q)&@EE@Q?aOinEQeS& single

%@ hes to ution is tha hese m nat es can
bé Bﬁ&fﬂﬁéd%nw b%/aﬁeéowmn%%taé& afdenuproyiggen of an

PLAEeSS ontr eIardthe plgpent swobhai ReEHDY particles is
comm nution fromthis | am nate have a hi gh thickness.

TRGESPOSREY do not correspond to the customary
t hi ckness requirenents on pignments for coatings and

phhg%ingcinbigméhgge 598 Sggggiggd from the multilayer
films, as, for example, in DE 198 20 225 Al, they have
a hiding power which 1is 1little influenced by the
background and exhibit a brilliant and colour-changing
surface irrespective of which side 1lies on the
background. The disadvantage of these approaches to a
solution is that these laminates can be obtained only
by a complicated and multistage process. Moreover, the
pigments obtained by comminution from this laminate
have a high thickness. Thus, they do not correspond to
the customary thickness requirements on pigments for
coatings and printing inks, since the scope of
application for platelet-shaped pigments for a wide
variety of coating and printing technologies generally
increases with thinner layer thickness of the
platelets. In addition, as described in the German
laid-open specification DE 198 20 225 Al, there is the
risk in multilayer cholesteric pigments of delamination

of the absorber layer from the LC layer.



application for platel et-shaped pignents for a w de
variety of coating and printing technol ogi es generally
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platelets. In addition, as described in the German

| ai d- open specification DE 198 20 225 Al, there is the
risk in nmultilayer chol esteric pignents of

del am nati on of the absorber layer fromthe LC

| dyerid tthereheref sne dm sl eet bhet peegeaseninvention to
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surpri si n%ll he underlé ggob ject of the invention
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[ m@rs@or ah dayt hanopar tdradpes-tilisch heafingdditd ondke  added
ertlesmg]rectly into the cholesteric matrix, as a

r@su ¥ch LC | ayers and LC pignents with

i ncreased hi di ng power and/or other properties such as

”&Qﬂeﬁé nk%@%.bﬁo@ﬁ V%%%Q.“”é@ fﬁg 9 %%ethﬁnderlylng

above-det ai | ed di sadvant ages. invention
t REDErEr @ Tpitdd deyeHdlcas T qu |ﬁhjee‘ﬁcifslﬂé4 in contrast

”Q60|@M§f ﬁﬂ&r”Qﬂﬁlayth@r@%&%&ingo”Béh&pagtlcles which
nopartlc Th se |layers and pignents

pP&fér abl byp IFXFHGSt he 5ﬁ8ﬁi¥tid%ﬂFQO the
thaoabehe$nenmaﬂnﬂxnch&rystabuntxbﬁrwﬁi@m aC layers and

Eﬁgfzéj?%?%%tgb%\i% thfngrgggé@g h&%‘l@ltg OIEO‘LQ]_Q and/or other
properties such as magnetism can be provided without

leading to the above-detailed disadvantages.

The present invention therefore provides cholesteric
liquid-crystal monolayers and monolayer pigments
comprising nanoparticles. These layers and pigments are
preferably prepared by admixing the nanoparticles to
the cholesteric liquid-crystal mixtures at a
temperature above the clearing point of the cholesteric

liquid-crystal mixture.

According to the present invention, nanoparticles are
understood to mean particles which have a particle size
in the nanometre range, i.e. of 1 to 999 nm, preferably
of 10 to 500 nm.

According to the present invention, a monolayer shall
be understood to mean a single layer which is not in

contact with other layers comprising cholesteric



liquid-crystal m xture. According to the present
i nvention, nanoparticles are understood to nean

w@2006i063926 Whi ch have a particle size in the nBCIDRERIDE056260

10

15

20

25

30

35

range, i.e. of 1 to 999 nnL_ggejerably of 10 to 500

nm According to the present 1nvention, a nonol ayer

shall be understood to nean a single layer which is

not in contact with other |ayers conprising
cRdlbwddeciryisitgdildner ysmakkirae lpat ehi al mopo hdriel ayepigment
PLGIBRLiAgCA A Pt @ AR R eseM i IVENELABrEQBBY iS€Sidgle
single layer wwth a three-dinensionally_crosslinked. .
cHEVESt eri ¥iFPqui d2cr ystRFCRTRETPRS AAB2 hhKopar EFefekinked
Theoleseatriive 16holiasteristalli guikdueey ahal n@invparescles.
conprise preferably A) 0.01 - 50% by wei ght, based on
the total solids content, preferably 0.1 - 10% by

w8hght , infemahvpar tdhodles tsetiect ed ifudn-chgsgpdup mixtures
c i.sti.ng. of l; ,0xi des, iron oxides, magnetic
p%%&g?éfgz'%gfgg%%éy car bon bl acks, graphites, funed
silicas, lum nescent pignments, fluorescent pignents,
pRgspher.escent spLgmMRNt fei Bt 2l Bastet abn akhaysAd solids
chromatic pignments or mxtures thereof B ) 20 - 99.5%
by wei gﬁPFeBgsedPﬁf@ﬁébtl& al0-dol ids hht eny, weight, of
pref er abhypa@tic928% bye etgdd, fabmat theastroape @snebDs€ing
t han one nggeidingﬂggonaLkg crossl i nkabl e c$npound 8fr
the averages generAl™ Formul %1 1) YR MICERSY2 S BPPR=er sy
whi ch ¥ipcY2 exide he samboor dbidekent gwdpduvi¢esach fumed
po'y”egﬁiﬁgﬁg,grou@umﬁﬂés@éﬂgpl? Fgﬂ@ﬁME?te Ofluorescent

met hacryl ate radical, epoxy radical; 1socyanate,
pigments, phosphorescent pigments, metals, metal

alloys and chromatic pigments or mixtures thereof,

B) 20 - 99.5% by weight, based on the total
solids content, preferably 60 - 99% by weight, of
at least one or more than one three-dimensionally
crosslinkable compound of the average general

formula (1)

y'-a'-M'-p%-¥? (1),
in which
Y, Y? are the same or different and are

each a polymerizable group, for
example as acrylate or methacrylate
radical, epoxy radical, isocyanate,
hydroxyl, vinyl ether or wvinyl

ester radical,

A', A? are identical or different radicals
of the general formula CpHy, in
which n is an integer of 0 to 20

and one or more methylene groups



hydroxyl, vinyl ether or vinyl ester radical, Al, A2
are identical or different radicals of the general
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one or nore nethylene groupsrmay be replaced by oxygen
atons, and ML has the general formula -R X R X R X R4-
, RI, R2, R3, R4 are identical or different dival ent
radi cal s selected fromthe group of -0-, -COO,

-CONH-, -CO, -S-, -0y -@+=aeplaged\ bY- I\Iexlyq)?n ortams,
GC bond, and R2- X2- R3,Qr R2-X2 or R2-X2-R3-X3 may

al so be a CC bond, X1, X2, X3 are identical or
different radicals selected fromthe group consisting
ofd/1 mlghenylbene 1 lgasCyﬁéO@@ﬁékﬁﬂefoﬁiulal B2-

and/ or B3- substituted_ ar ne gt er oaryl enes
having 6 to 10 atons 1R 1 % %01{ P]( g/h’ch may
contain 1 to 3 heteroatorrs fromthe group consi sting

of 0 ap ﬁ 3 9P cJ{Jée %8tg%g/ or rBsdlsf'@eSfé c}y §9valent

cycl oaIRkS/I enes Haw ng SFbor at ons,
B2, B3 are identical é@déﬁ?@iér eatestibst |ftr@éhttéle group of
sel ected fromthe groug-consigid-ng of.cdj]ygltogerl,coo -s-,
C2o0~a.l kyl, G -C2o-a. Ikoxy, Cl-Cé - aI kylth

C2- C20- a. IkyI car bonyl 7 N(O)- or

a C-C bond, and R-Q{—R3 or R.—X2 or
R*-X?-R*-X® may also be a C-C bond,

x', x?, x3 are identical or different radicals
selected from the group consisting
of 1, 4-phenylene, 1,4-
cyclohexylene, B'-, B?- and/or B’-
substituted arylenes or
heterocarylenes having 6 to 10 atoms
in the aryl ring which may contain
1 to 3 heterocatoms from the group
consisting of O, N and S, or B'-,
B*- and/or B’-substituted
cycloalkylenes having 3 to 10

carbon atoms, and

B', B?, B® are identical or different
substituents selected from the
group consisting of hydrogen, C;-
Cro—alkyl, C1-Cyo—-alkoxy, C1—-Coo—
alkylthio, C;-Cyp-alkylcarbonyl, Ci-
Cyo—alkoxycarbonyl, C1—-Cyo—
alkylthiocarbonyl, -OH, -F, -C1,
-Br, -I, -CN, -NO,;, formyl, acetyl,
and alkyl, alkoxy or alkylthio
radicals each interrupted by ether
oxygen, thioether sulphur or ester

groups and having 1 - 20 carbon



C 20- al koxycar bonyl, Cl1-C20- al kyl thi ocarbonyl, -OH,
-F, -d, -Br, -1, -CN, -N®, fornyl, acetyl, and
wa@bdoglog39ad koxy or al kylthio radical s each i nt ePe/pPBA5/056260
by et her oxygen, thioether su phur or ester groups and
having 1 - 20 carbonatons |, ) 0.5 to 80% by wei ght,
based on the total solids content, preferably 3 to 40%
by wei ght, of at |east one or nore than one chira
conpound of the averageogeneral fornmula (2) V 1-A
1-W-Z-W2- A2-V2 (2), in which V1, V2 are the sane or
different and are each an acrylate or nethacrylate
radi caC) epOxy rhgi &% Pivnyreéoher drazedi @il Ebeertotal
r adi calspliigiec yialent,adh €t e r B 128- 8ol kY, Yy -weight, of

C2o0~a. |_koxy | - C20-al kyl t hio,, C1- C20- al.koxycar bonyl

5 1o 202 A AT e BongIoT. ppat oo Rrgl Fmidlg of
-NO2, tbempiveraget geneaiad dlokylulaal(Roxy or al kylthio
radi cal s each interrupted by ether oxygen, thioether
sul phur or ester groups and having 1 - 20 carbon
at ons, VorAgWngr¥t8rd radical, Al, A2 are each as (2),
defi ned above, WL, W2 each have the general fornula -F
-XF-XR3-,, Rl, RR, R3 are each as defined above and

10 R2 or RZ-XBIG6P X1-R2-X2-R3 may also be a CC

v, v? are the same or different and are
each an acrylate or methacrylate
radical, epoxy radical, vinyl ether

15 or a vinyl ester radical,
isocyanate radical, Ci;-Cyo-alkyl, Ci-
Coo—alkoxy, Ci-Cye—alkylthio, Ci-Cyp-

alkoxycarbonyl, C1—-Cyo-
alkylthiocarbonyl, -OH, -F, -C1,
20 -Br, -I, -CN, -NO,;, formyl, acetyl,

and alkyl, alkoxy or alkylthio
radicals each interrupted by ether
oxygen, thioether sulphur or ester
groups and having 1 - 20 carbon

25 atoms, or a cholesterol radical,
A', A? are each as defined above,

W, W each have the general formula
30 -R'-x'-R?-%x?-R3-,

R', R?, R® are each as defined above and R? or
R*-x* or X'-R?-x*-R® may also be a C-
C bond,
35

x', x? are each as defined above and



bond, X1, X2 are each as defined above andZ is a
di valent chiral radical fromthe group conprising
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derivatives, biphenyl derivatdves, tartaric acid
derivatives or optically active glycols and, in the

case that V1 or V2 is a cholesterol radical, is a CC
bond. According to the present invention, al

conventi onal nanopartigl eés davehensensfelofl t hedgcedenfrom
definition may be usedyoSuch nanogagticles are comprising
comercially avail abl e, or. can be produced i n compn

ways known to those SQFPPEMdFﬂh?ﬁét%}F' for exanplexp§es:
conm nuting |arger papéhcbgésby Hl@fafﬂ?talrwj e, dgfi vgi Nges,

processes, or advant ageo b |re t..s esi.s f.rom

sol ubl e or gaseous p?giﬁﬁ ¥% éﬁ& aconf OII taricracid
conditions (colloid téehhohbiyyes. Accor dpngckdlyhe active
i nvention, the ”a”OPa{jH/Sbfé baye %ﬂd'ttﬂe"“@ése that V' or

properties, for exanp 'hcreased hiding pove

conducti vity, Iun1nes¥enb% a f¢hekeskerek, radlcal is a C-
phosphorescence or magngthgm These additiona

properties may be utilized, for exanple, as additiona
safety features . Magnetic nanoparticles may be
S&b@@&ﬂdnngtoeXﬁﬂ$|?re%éﬁﬁWtiﬁNQﬁﬁﬂhﬂhofaﬂﬂrr©ﬁﬁ@@ﬁti@nal

el enent s anpl i ron cob nlckel or. al. ] pys.

oPSMeREg i aes Thorosr SSn el ol EFEeell Mabticion

Fe2@>3 heheresede dBuahenmamwpaktMQkaaj|&refo¢ommercially

e’é%rﬁ'l%blé' Ney Eéﬂmk}ém fﬁ@@(l:éd %ngéé}ﬁé&r &Qﬁ@erkn% n to
t neta

nesium Wth iron as t he di val en e resu
[ §, ofer Se&ﬂa]fﬁp?%, lﬁagﬂtet i BEtFedr e3pmpial @ry CommmUtlng

pnefgeencsstsi @yenpy9 the UsRa®b18; grinding processes,
or advantageously by direct synthesis from soluble or
gaseous precursors under controlled conditions (colloid
technology) . According to the invention, the
nanoparticles have additional properties, for example
increased hiding power, conductivity, luminescence,
fluorescence, phosphorescence or magnetism. These
additional properties may be utilized, for example, as

additional safety features.

Magnetic nanoparticles may be selected, for example,
from the group of ferromagnetic elements, for example
iron, cobalt, nickel or alloys or mixed oxides thereof,
such as the ferrites M"O x Fe,0; where the divalent
metal M used is, for example, =zinc, cadmium, cobalt,
manganese, copper or magnesium. With iron as the
divalent metal, the result is, for example, magnetite
Fe;04. Particular preference is given to the use of vy-
Fe,03 or CrO, as magnetic nanoparticles. Moreover, the
magnetic nanoparticles may also include aluminium-
nickel-cobalt alloys with main constituents such as

iron, cobalt, nickel, copper or titanium, for example.



Fe2g3 or CrC>2 as magneti c nanoparticl es. Moreover,
t he magneti c nanoparticles may al so include
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such as iron, cobalt, nickel,ycopper or titanium for
exanpl e.ln the context of this invention, |um nescence
enconpasses, as a generic term fluorescence and

phosphor escence, which differ substantially in the

dévay thees asinteuit i naéd |Umihesdaneationm neberhpescence

nanepakhisckes M copsi §hneb9F exampl, e, Ofufdi e and
fluorescent pignents _such as, bis azomethl ne). pignents

onphioﬁ&h@éﬁ’lséeﬁﬁﬁen &hécé‘ucrﬁla?edspatﬂké%talftijtﬁo]rﬂ esin the
Calle@atyeS,tl(ﬁ@'sundjﬂTB,ccﬁ{tﬁlnuTé'tﬁ | D@ s Seth ¢k neﬁlﬁrﬁﬂlﬁescent

mat er Y8 ither be of raI (fluori tc 2)

SORPREEFE IEIERC. EVpnPRBS Ste. ) TBFi FRENBNG t Her  drdinic
| dhucescerne nEiygroenigs natehf ra)sn any (ayppemedthine) pigments
| ”EﬁSEﬁq&ﬁbt %éE@H‘aﬂé ouncif r%%s' 5%8&%%8“9 §iu6§{€es,

eart ato lon or atomc group,
t ke lEdtegeancraadopen speei-fi Eb@u oh@oepa01601lur83n¢s¢ent

aﬁ@té%lgl@ﬁ%a@?%ﬂhef nb@hb@hnfa%rlancwﬂqcefcﬁtﬂ@ Atc.) or
car bon bl ack (%)nrgc gnents_into the cholesteric matrix
C

| SYaSeritbed, hsPeBPeAPe | idfi d- crystain, and  the

rmmllalyée;:&na@d maIyN @ réy e sied BIYnS COMPEYSe NG luminescent
n%ri%%arén{acllnes hoaa/e t gagg{grlgl ng advant age thatrthpeatom

use anopaq]fl Hes 83" 34 i vé§°aFt 6Fds !
sdbst amt k&lomg cnrgreupr i klticant. and nore attractive

colour reflection of the resulting cholesteric |ayer

or of the pignments obtained therefrom In a further
pﬁ@f“@laﬁfééll erdoditfenturepPgani clakdiomRe | éPesifications EP

abs@ont i4@n pmperén&s EporoexsBpbesazaipi gnent syni@t al the
cqonpl ex pignents, exanpl.e azo and azonet hi ne, net al

or
c&ﬁ‘ﬁ%ﬁ’%a r§0i n88| i FORRCANP 1EOF nddl ﬁég&e&ﬁént gnto the
pkhbdketyanicne maigeat s,isqui daser doad, pi gient Ssgholesteric

pﬁrhﬂﬁ%ec%Qgt%%ry'%gﬁoR 9g?gts’and monolayer pigments
comprising nanoparticles have the surprising advantage
that the use of nanoparticles as additives affords
substantially more brilliant and more attractive colour
reflection of the resulting cholesteric layer or of the

pigments obtained therefrom.

In a further preferred embodiment, organic
nanoparticles with absorption properties, for example
azo pigments, metal complex pigments, for example azo
and azomethine metal complexes, isoindolinone and
isoindoline pigments, phthalocyanine pigments,
quinacridone pigments, perinone and perylene pigments,
anthraquinone pigments, diketopyrrolopyrrole pigments,
thioindigo pigments, dioxazine pigments,

triphenylmethane pigments and quinophthalone pigments.

According to the invention, suitable nanoparticles with
chromatic pigment, black pigment or white pigment

properties are, for example, metal oxides such as TiO,



ant hraqui none pignents, diketopyrrolopyrrole pignments,
t hi oi ndi go pi gnents, dioxazine pignents,

w0 eoople3ryd met hane pi gnments and qui nopht hal one PCTYRERIDF056260
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According to the invention,,suitable nanoparticles
with chromatic pignent, blac& pi gnment or white pignent
properties are, for exanple, netal oxides such as

Ti C2,ZrC2, A28, ZnO, SnC>2, iron oxides,
egpéei al IAL2Opel udimy bl &oR2magrigtdn e ERagley)y , especially

ChHERTRESy \Anadal,es,and: sull RBEGSS A e vy ) e&a(ngaates
car bon black types, es ecially readily dlsper3|b

p@@ﬁmﬁu¥ﬂ%&@%srgﬁmﬂﬁ © PREHBRYs AndCaveray&damk teypes.,
PiegpRat apart ir@aeﬁly lai s@adl’fsfiftﬂrer qdlgﬁml m&ks,t hgraphite
nano cIe have not en treated urface,

( BRBERNST 67 DUCRAREE: UBS SAPOSPEd " 8¢ he I Girant
surface, such as fatty acids or lecithins, which

SYl,pr %9gk¥r98$5%% ’dﬁ$5m9h’tﬂ@aﬂﬁL8Pé?%19$ég“ﬂ%¥é not

di sadvanht ages o prior art in
ukseni $frgetedy o P& swifader af FrureFrte ko headditives

t hgnareparly %Ih%s gﬁ%{éﬂmysmafdmds@ﬂ IacSanwt§ hetfds or
variqus ,particl.e nensi.ons and enbodi ment s,

f
eXBFPIEE 1S / hydriGPhiTH @ dr Wpdro IS Xar i i ugh, plead to
pamblC@é@éfyb@deﬁﬁmiﬁﬂidﬂﬂﬂﬁdé-bestﬁﬂe npxtivie dst basedthe

%sun%gtcr%%g nka Ie or an05|loxanes or on
r

s%ﬁspaﬁces With S FR5er sgeg Sted nematic, snectic,
di scotic or lyotropic phase The invention provides

crﬂassal ﬂalﬂféi?éf q%ﬁi&{a{éﬁ@' gﬁg%%%ggxt%ﬁfeg%@ may be

havi ng ness of 0. , Obtal nabl e
by ULy rerli iZas ol ofhal ¥ hivegdprrensicgitdlalyy dimensions and

Ceassldinkintg, chd estehpLe | hgUNgaGoyhtiali oot Uk fdrophobic
conpr.i sing nanoparticles. The invention further
pV&ViA85Sa process for the production of

l'i quid-crystal nonol ayers, characterized in that a

tlir e%'aqzjtq%%ila%%) l %3 r@e‘cﬁi‘cﬁJ cpkllrh%f c?lglgﬁ}secra{lc mixture 1is
based on the use of crosslinkable organosiloxanes or on
substances with thermotropic twisted nematic, smectic,

discotic or lyotropic phase.

The invention provides crosslinked liquid-crystal
monolayers, preferably having a film thickness of 0.5
to 50 um, obtainable by polymerization of a three-
dimensionally crosslinking, cholesteric 1liquid-crystal

mixture comprising nanoparticles.

The invention further provides a process for the
production of liquid-crystal monolayers, characterized
in that a three-dimensionally crosslinking cholesteric
liquid-crystal mixture comprising nanoparticles is used
to obtain a film, preferably having a thickness of 0.5
to 50 um, on a support, and the three-dimensional
polymerization of the liquid-crystal film is performed,
for example Dby means of electron beam curing,

ultrasound polymerization or UV polymerization.



liquid-crystal m xture conprising nanoparticles is
used to obtain a film preferably having a thickness

w®@b000/0&89%6® 50 nmm, on a support, and the PCT/EP2005/056260
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t hr ee- di nensi onal polyneri;aﬁhon of the liquid-crystal
filmis performed, for exanple by neans of el ectron
beam curing, ultrasound polynerization or W

pol yneri zati on. The three-di nensionally crosslinking,
chol esteric liquid-crystal m xture conprising

n@ﬂ%par@H%é%idfﬁéﬂ§ﬂﬁﬁﬁgay olt @l ned by; @AM Xi Bo1esteric
nanoparticles to a three-dinensionally crossllnklng

cllrélqélétjercuréfsftra&uu d?:%%ﬂ‘slt% nFREBFésaida teReRedtdrdes 1is
apa\éeetrbblgzl eabitagnpal Nbyw Iahmﬂﬁhh@dsnkﬁ@p@rﬁﬁemaab heto a

DL el URAATY) © HSPEIT S DU e L8 i
p@kymﬁadzamlmnure prtef er abéypeféected dppoid/ the clearing
%g%@lg' %%?/gb h@tﬂ’%ﬁ%h QP%who BXRY VRLONL i pLef eLabl yey,

otoinitiator are added to
t REampent |Qﬂe8p€tmaé‘€s,d| n@%ﬁ’éilf’é‘ﬁ%tilfﬂﬁy cireddl i mkillgg, static

chekesternng 4igdi-dverystal m xture. |f appropriate,
stabilizers may al so be added at a content of 50 to

3000 ppm preferably of 200 to 1000 ppm in order to
praeentp I wrhet iu £- 2 umeont;m.lﬂeeﬁhmq} ynerEgateéan. by UV

Pre erence.is given to ob ning ta 5. t hi ck
SRS R Bort WHRE bl 508 JBePs ey fsterably
p@eﬁeﬁably gdnbybyedgiht, cmfkphbeocoatiagoatamatadded to
SE%%dS o{néeé? @QO ”1 eet%ﬁm@d d%%ﬁ 'Oncfésgylﬁklng,
preferably ected at 20 mn. Furt

pﬁépéﬁﬁéﬁréﬁboé%ﬁﬁﬁﬁ§QﬁﬁﬂgﬁktIﬂ%%ﬂ%ﬁﬁnaII%g @Ppﬁ@Prlater

”@@@blﬁg&e%%aﬁﬂi , a0koPBle gHAHAdESt | Berdorr il thONB0 to

R P%fn%fﬁ%a%%sggSDMoFﬁygr%so%I{]H\g“e'm B order to

bpirklvicarc @ rand taakouhdr aehlceat-iron 1edpoiltyywewization.

flip-flop/tilt effect are obtained, which may be
Preference is given to obtaining a 1 to 5 um-thick film
on a support, for example a PET film. This 1is
preferably done by roll- or knife-coating at belt
speeds of 1 to 200 m/min. The film formation is more
preferably effected at 20 to 80 m/min. Further
preferred embodiments work with a laminating film made,
for example, of PET, or under inert conditions, for

example under N2 atmosphere.

Thus, inventive cholesteric 1liquid-crystal monolayers
with high brilliance and colour reflection capacity
with flip-flop/tilt effect are obtained, which may be

used as a security marking.

The i1nventive monolayers are preferably used, for
example, as a constituent of a laminate as a security
strip or in the form of a film element similar to a
hologram or kinegram on banknotes or certificates or

other documents of wvalue.



used as a security marking. The inventive nonol ayers
are preferably used, for exanple, as a constituent of

w@200a06392¢ € as a security strip or in the fornmPOf/ER2005/056260
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filmelenment simlar to a holggram or ki negram on
banknotes or certificates or other docunents of

val ue. These nonol ayers nay be processed further by a
process according to the invention to give cholesteric
l'i qui dcrystal nonol ayer pignments. For this purpose,

t 78 RRNQAVAM Y- & ey el f HOBLLEEaURROheRY HRaNSp Phcess
a suitable erosion unit, for examle a stripping unit

0P-CSOEPRBPNG DI dtie, 1RBCRbEA c68r S8VS (Rhteslyrity liquid-
f|c&&%%a%! l(ﬁil@_r@rl%y@mnﬁpl@@tn@duw th g t adiles t o9hspod®) the
exa e m Il ng or cutti uni.ts, to glve

FRPA Syt A FRORYAES. oM GpEl GRAPTOr ol B¥siTRRRS ppt 2
means abfl esieevdsigpranth i f t fog. eXheppegeersts ippdpar athitn or
a : i he_i.n i 0 er N F
CRECRRRREG G b ) OB L AR SR Ra,  Slakces
10high1 G0 naPmmIpB{edpmd thr edekted e havelsa, t Hidknessmple

ofifinemg0. 24 0 SubmApd andianet e ofgfyom ii §Qi 200yt a1
. A further preferred enbodi nent, for the productjon, of

| PGEMENEPysEAY FETOICAPEY dd S gt £Y edtectedsteving
fbﬁ?éﬁﬁﬂﬁiﬁUUCTﬁglWquéﬁ?étﬁmb@é}éd?ﬁur%dnﬁﬁﬁ?ﬁwﬁSwith
Wi appropr.i ate di sper angpartjcles . _In [

cibd YR o CobeTREERLY RN bt FRro et arhi g The 1
ottleer5bdumdany condiigimehsyr tdfe $Sobutildh toatlidd§ Um. They
i lLvi it evap. | f Ateh vgn e
Rt T I mbont | Re"Snd bet r o the. ol yrmr 78t Pon ] o0 Hm
effectediarRécadpantaga of tohir§OvHmi-ant lies in

si mpl er di spersion, for exanple by neans of

ulLtrasound, of the additi

ves,in solution. The :
AV ehET VeS| BEPACCrTS: TR GMETRS ffls OBt aPHeaUiR) e O
ugedufidr cprisnbad moned wgies,s faord tdiggneradiicts onf Bfcted from
an organic solution of the LC mixture components with
appropriate dispersed nanoparticles. In this case,
solution coating is effected while retaining the other
boundary conditions, the solution coating involving the
initial evaporation of the solvent after the wet film
coating and before the polymerization is effected. The
advantage of this wvariant lies 1in simpler dispersion,
for example by means of ultrasound, of the additives in

solution.

The inventive liquid-crystal pigments thus obtained may
be used for printed products, for the production of
paints and inks, for the colouring of plastics and for
the production of magnetic strips. They have the
advantage that they can be produced in very low
thicknesses while retaining the desired properties and
are thus available for a very broad field of

application.

Inventive pigments may, formulated as printing inks for



pai nts and inks, for the colouring of plastics and for
the production of magnetic strips . They have the

w@odwant®ge that they can be produced in very |BPGI/EP2005/056260
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thi cknesses while retaining {he_desired properties and
are thus available for a very broad field of

application. Inventive pignments may, fornul ated as
printing inks forexanple, be used for printable

opkiagllef edb@ir esedf ofoex amping apd et hepdocuhedestofres, for

vakugorent ignedhd heyadyaniage bei ngafhat Redtfded, the
feature is integrated in addition to the uncopi able ]
c8AFaRtePrt beipgetthathias fdithae R W desi hreedzatedh 10
Ob\did_QgiS_o(ﬁ][ Bbdd@}ﬁbh faﬁc%ﬁﬁablﬂﬂeddl;b@m—!tgﬂtf uetmlaet. This
provi des for t use, of, i nventive liquid-crysta :
DIGREHES cBRM i Beng IREHSER | s W ¢ FORAGHLT | or  hidden
pifepentrees for produci ng structured, printed,

optically variable safety features, in which an
additional alignment pattern is obtained by applying
affhex tavealt ipagdetitdef @i athechaurisyy phaseveptive

a 1RAH-RE VisRls IWNE EOnERABT | &R MBANR} | aRdpBaRaktlelkesSyith
conprising the inventive |iquid-¢crystal pignent. In a

pFEParted SHRRATHeIRS FArt RECERSANG: § qt?’rve%ﬂri vrinted,
megheickd,lycholesigsi€ LEapegpentRsatauneagnetia fiwdlidh s an

t herefore _appli.ed to.the printed syhstrate .direct]y.
L B BBy He it 8% SRR [ e iee o
t exdepneflerrebine der k fhaddgrabunichdetbee curiingy phasdeof a
biRGek 5 that ghigpne pELELNS '
oo e B e P P e i cad s g Hholes
aceBPIasdaIni e t heveeteveed IytIG Y had) dPgeBaRRtry In 2

sihegctrhedpl akisbeimshaped dragnet i €a P& grNt $har €inventive,
aligned .along the field ] A crucial factar f

| nes. r .
sHeRmg proc ]1essttel¥elccoTr¢ R IR bSt nBnt"eFHGHE fleld is
vitheasgifoy eof appeibdndes . tWeen paiprtiedt edupattrets directly

t%%%%%dt%% %@f%ﬂ%ﬁ@ of the corresponding printing ink to
a preferably dark background before curing of the
binder, so that alignment patterns of the magnetic LC
pigments in the printed feature are obtained in
accordance with the selected magnetic field geometry,
since the platelet-shaped magnetic pigments are aligned
along the field 1lines. A crucial factor for such a
process 1is the correct adjustment of the viscosity of
the binder. When a printed pattern treated in this way
is subsequently cured under the action of this external
magnetic field, an optically variable feature 1is
obtained which, in addition to the human recognition
feature of colour-flop and the circular polarization
effect of reflected 1light known from cholesteric
materials, possesses permanent information in the form
of an alignment pattern of the pigments. In this way,
an individual personalization means of the optically
variable safety feature 1s provided. This additional
personalization pattern has the advantage that it

increases the anti-forgery security. Depending on the



i s subsequently cured under the action of this
external magnetic field, an optically variable feature

w0 sooeécaed which, in addition to the human PCT/EP2005/056260
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recognition feature of col gur,flop and the circul ar

pol ari zation effect of reflected |ight known from

chol esteric materials, possesses permanent information

in the formof an alignnment pattern of the pignents.

| deshion ,waypucan iamdi vinglialldyerls o titeatn oresreadis opbvious

theaeptcally ux i allesalely Egéhuf@y'%Apﬂgyhgﬁd without
Thi s addi ti onal personallzatlon pattern h

adiaitigge &S | t23%cr 888 esPehe MOV gry s@kskirguish
Depegdinag Oﬂrcbrhe(feﬁ:lg@&,y suthe a@mm&llwgd Udthk p@tlh@re& saSused
an obvi oys feature can recognlzeq n (y @gnab 4
i CRout” r?hBFOSFEE %c%"%e effpr dy&at g WererTbase

dﬁsmmmgamszODmgb&aheﬁngmeﬁoegeeyUVFh@rpmganﬁgemnk

bi nders used for such a process may have a sol vent- or
wat er - based fornul ati on or be designed as a UV-curing
syeseiblposRT brelny | MEithgdvet Wobeh wifiegh an dp@sidered as

cg@%ll%rsedfaﬁ optd oriswfee{tlt\)ée bR¥eRLL¥eiehol e§t LAl Erystal
liquid-crysta gugnents i ncl ude the processes fron1t%

gP ﬁﬁe@6ﬁpr|§Pﬁ &r eel2%r i MAMFE ST exodFQPhi cthe  group
prciohipirigidgd gt aveneppihbingg, ﬁmﬁxdﬁﬁaphidnﬁpexaﬁnh@; and

of fset and intaglio printi or pad printing.
addrtiom, P%llggagso p055|2%8 Puse AT v O%fset and

| igtried-ldoy ptrantpingmenmt paidn pedattiings f or |ndustr|al or
autonoti ve applications. Further possible uses of
inventive liquid-crystal pignents are the col ouring of
plast pediyianmst er bt clessor Resmddisdi kg, HAE alrpentive

tllgquaa @s:y\yrtlatlabfb r@é}dtg eadabl ey thafdabkercaliistrial or
ﬁ%netl strip pr esent |nvent|on i s %Ilustrated
[

GEFQIt VBel cﬁﬁ%%%"ﬁé?nesr encBf b fbnr BSCF B fye USes  of
exawphed ve Bxappldescrystal pigments are the colouring of

plastics via masterbatches or compounding, and also the
use as writable and readable variable-colour magnetic

strips.

The present invention is 1llustrated in detail below

with reference to nonrestrictive examples.
Examples

Example 1: Preparation of a chiral compound di-2,5-[4-

(acryloyloxy)benzoyl] isosorbide

20.0 g of isosorbide (137 mmol) and 73.2 g of
triethylamine (723 mmol) were dissolved in 120 ml of
toluene. At 80°C, a solution of 60.5 g (287 mmol) of 4-
(acryloyloxy)benzoyl chloride (prepared according to
Lorkowski, H. J.; Reuther, F. Acta Chim. Acad. Sci.
Hung. 1977, 95, 423-34) was added dropwise to 60 ml of
toluene. The mixture was stirred at 80°C for 2 h, then

admixed at room temperature with 80 ml of 10%



Exanple 1 : Preparation of a chiral conpound
di -2,5-[4- (acryl oyl oxy) benzoyl] isosorbide 20.0 g of

wo swso6decle (137 mMmol) and 73.2 g of triethyl aneTEP{FRE6260
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nol ) were dissolved in 120 of toluene. At 80 0C ,

a solution of 60.5 g (287 mol) of 4- (acryl oyl oxy)
benzoyl chloride (prepared according to Lorkowski, H.
J.; Reuther, F . Acta Chim Acad. Sci. Hung. 1977, 95,
423439rhes 1gd deel dir ofphies eo T @2 BOC niphefset ofaenerasTieel with

Mxtre was stigd &gh at a%(a O(E?Of/m s@dBum tl‘i‘f@ré‘&'@hé&ﬁ’bé‘ﬁate

roomtenperature Wth drochlioric acid
tﬁ‘é’lélltdé’ﬁ‘l c(%%a@e vvéé}dvva%ﬁe%ldvmot"ﬁrvva%%‘iil‘@ » Y hﬁlt)e and
am@hel As1sedituady df@r@@ﬁ@@r baaate redudkidom 3 ude) ddth to

2 AR SO P A P GELYETY Y8 rosutting
c:snyu:elpt wafs aembwit= 20 % biyh \/\EE@hmJ, dlie ettbsmlotli rndsydUp ml of
ﬁzcﬁg'ﬁ'e)}(ﬁglew %Hﬂgat ag!ecpf QJI %dcfgogt%rgk]g After

I'ohexane an W|th stirring
c@@lollﬁglgand fidnd at onflﬂﬁéamoQ(S [ 4- Ybeeryl oy‘liif-ﬁ(f)’f)5 [4-

b [
(gg&%&g@%@ 'b'%h@% ws}a s@@b@m@@o Imﬁﬁo%t%llg%&c AP- 9 Pield

ER&npf & heoa%%ﬁ quun}d‘e@FV%t a‘feer]ﬁe i Kiedid gy godpt of

hydisdqui none bis [4- (4-acryl oyl but oxy) benzoat e]
(obt ai nabl e according to Broer, D. J.; M, G. N
Challa, G. Mkromol . Chem 1991, 192, 59), 7 g of
2E3ampile P4- Greeny[ldguddyrrivstad\tine sdxduriede
(obt ai nabl e according to Exanple 1), 1.00 g of

acure(r) 819 photoinitiator and 0.20 g of 2

6-3di9- t @F t hydrpadnogienegp hy [ &nd Aivket hiPe ‘)lt%ﬁéh]@?nzoate]

( &bla%aqxl@b)le7oacc6&axhg00t@ BBaten Rguggt,LPMcZ@;BOl@ N.

LEheade, Ot e Bl v rorofaBl sohihe 6% ek of 2.5

thﬂp&ﬁ&ﬂab&ylﬁ@l@@yubbhho@lqhe@SomBhﬁemaS obt aisletlainable

Tﬁ%c%EéE%BE %%§ %x%k%ﬂ%inQ)QM|¥.dg g of Irgacure® 819
photoinitiator and 0.20 g of 2,6-di-tert-butyl-4-
dimethylaminomethylene) phenol (Ethanox® 703, Ethyl
Corp., Baton Rouge, LA 70801) were weighed in. By means
of a precision glass stirrer, the mixture was
homogenized at oil bath temperature 150°C until a clear
melt was obtained. The mixture has a clearing point of
146°C and a viscosity of approx. 200 mPas at 100°C. A
film of this mixture, which had been produced between
two microscope slides by shearing at 110°C and
crosslinked under a UV laboratory lamp, possessed, when
viewed on a black background, a brilliant green colour
which changed to blue when the viewing angle was
increased. The reflection maximum of this film at 0°/6°
(Perkin-Elmer Lambda 18 UV/VIS spectrometer) was at
516 nm.

Example 3: Production of an inventive green 1liquid-

crystal mixture with dispersed magnetic powder



146 OC and a viscosity of approx. 200 nPas at 100 OC .
Afilmof this m xture, which had been produced

whed0ameedr2¢ wo ni croscope slides by shearing at PCTIRE20851656260
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crosslinked under a UV | aboragory |anp, possessed,

when vi ewed on a bl ack background, a brilliant green

col our which changed to bl ue when the view ng angl e

was i ncreased. The reflection nmaxi mumof this film at

06 5( Rer k¢ h- Bl neretanbdeduBitv x4 S s padkitgmet er o wasnable

abcelfdify Exampléndie Prodyetionnoitdl idwenliove in a
green liquidcrystal mxture with dispersed nagnetic

pVene RGeS a@drice 19fqdi R yeiIe i ktReder MR 210
oh@@ion@blge a%@#@ﬂg@@iéo Exaimsel, € ZfD—iﬂ\&4E7 mel techaat 13f2re
0C in a drying cabinet and 75.9 0 nefic . .
oiler RS e tae dR iR T B AUy in =
waabosalieeguehid goldicspel Sedmt REr diabcaty H4aB0C $0it4€rland)
mon i : 0 y fdLssol ver om-PC, Labqgs: :
Sﬁ?tf@? 5% %?é%%xfﬁﬁﬁﬁéhg%rfé%gegk.Ehhglg?%iaﬁﬂ%% which
mihREur Beenhi Bhodade edrr prasduc édbeiegrsoppe  slides by
MsG@seoRe stidesody shear bpgsatihkOAC angk £1 @ssbivnkeghp,
under a UV Iaq&kipossessed, when vi ewed on a bl ack
bRORGFSSRE, a 4 | i GHR VSRt aPTi c 2gr &7 ol Ak d, a
changedahe bidtea Mien Gheeni ewilagirangh tcwashiengedased. blue
Theeyl ewhng gngle-dependgnl col our, change wasyglear! ¥, s,
p&PE8pt iBfe &VENTBY a“WHite BalkgrBuha® ERamplacs ¥ El
Peodletidepcolean | cvkmit vehehgleesvas i clie@rfliyl npdheeptible
OLRER b I Yhike walhodbspersed magnetic pouder,

| e accord 0

obt ai na I ng Exanple 3 , was applied as a
melt at 100 OC by neans of roll coating to a PET film

(BMémpIe M {swphictictRenyest eanFi 1ivedbis Wholkadedlic LC
t%églve a thin filmof thickness approx. 4 mm and, for
b ® orientation and prevention of oxygen inhibition

The green ILC mixture with dispersed magnetic powder,
obtainable according to Example 3, was applied as a
melt at 100°C by means of roll coating to a PET film
(RNK 19, Mitsubishi Polyester Film, 65023 Wiesbaden) to
give a thin film of thickness approx. 4 um and, for
better orientation and prevention of oxygen inhibition
of the LC molecules, laminated with a second PET film.
The laminated C film was subsequently three-
dimensionally crosslinked under UV light on the coating
machine and the laminating film was removed again. The
film thus obtained, when viewed with a black background
underneath, exhibited a brilliant metallic green colour
which, when the film was tilted, changed to a brilliant
blue. This colour change can be seen clearly even on

non-absorbent backgrounds.

Example 5: Production of inventive cholesteric LC
pigments with increased hiding power and magnetic

properties



of the LC nolecules, lamnated with a second PET film
The lam nated LC fil mwas subsequently

wo booeseioeensi onal |y crosslinked under UV | i ght PONEP1865/056260
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coating machi ne and the | am ggti_ng filmwas renoved
again. The filmthus obtained, when viewed with a

bl ack background underneath, exhibited a brilliant
netallic green col our which, when the filmwas tilted,
changéd t 61dmbr withanfibely. dhprerstdurmedpgigec capoweer,

S%%%a%%fl'e)’ 2BV RNy aRSRIeNty backaraundsed from the
Exa 5 : Production of inventi ve chol esteric LC
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coerttedpdadi hguknl fR apptichgiqmohingf tidSe pegpeéatstonna of
V"‘Eh%%eba g@fh@HEQ exhi balt%’uﬁe]n SAMRISAR BQ&P[FBCK

backgr ou weaker but sti cl ea green ue t
eCPERRNASOR Hightheishlack Abprekgrpuefy gmaigakeggratt still

attieaet s girese @rentis tovelr it angiesh ofhigh t lels@f% A
and the¥/_8 ol | ect @t t he pol es of the net. .Usin

di*S§per<di’en Yof STHES e MREMTEL i &° EéaBFarre $ nP39BER ér over
whiich ahaesnaif ygp been cur ethd i thapscpdisthl et ithe poles

P%tfr ith%i %#agrpé/t ap@éiﬂ:&\t éoﬂi%e%s ion of these magnetic IC
pigments in a binder which has not yet been cured, it
was possible, in a Petri dish, by application of a
magnet to the outside of the bottom of the dish, to
obtain patterns on the Dbasis of the different
alignment/orientation of the pigments in the magnetic

field, which were fixed by curing the binder.

Example 6: Production of inventive cholesteric LC

pigments with metallic lustre

Analogously to Example 3, 20 g of a fumed silica (HDK®
H 20, Wacker-Chemie GmbH, Munich) were incorporated
into 1 kg of a green cholesteric LC mixture obtainable
according to Example 2. From this cholesteric LC
mixture, a crosslinked cholesteric film was obtained
analogously to Example 4, from which it was possible to
produce inventive LC pigments with dispersed silica
analogously to Example 5. The pigments thus obtainable

possessed a mean platelet diameter of approx. 35 um. A



magnet to the outside of the bottomof the dish, to
obtain patterns on the basis of the different

w@badognemnd / ori entation of the pignments in the PEIRRIDE056260
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field, which were fixed by_czging the bi nder. Exanple

6: Production of inventive cholesteric LC pignents

with netallic lustre Analogously to Exanple 3, 20 g

of a funmed silica (HDK(r) H 20, Wacker-Chem e GrbH,
Miniidle) ampld dardomporfatled iy ovell Kk of £ athgeenpigments in

C'&‘)'t%%tn%&a'a‘a‘reln@ e @H@'&?&ﬁﬁ@%@é@%i@aﬁ@&@l@we

Fromthis cholesteric LC m X , a_crosslink
cl%’llé§9§r i ki | TR GasnedBe b hed: aHgl’éﬁétﬁ@IW tIc?léxgr%% e a
, bflﬁ@ﬂﬂ whbgbkgtouwns possiidecdd produseiilnventi vemd€allic

rrentsvvlt di spe silica ly t
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plwatseltenltohchrred:}ean@éd appr @x. bBSlSim hudknilfie comparison to
apRlh ¢akiQq cof %’e wei g ofo 4 hese, pi ARNtSIEN A viure
transparent bi o for exan‘pl e Ti nt ed ear Additive
De{homto4 BAdRREINd st rifegiedK-Suk¥et k | HIgsAD)neenGlve

blhagkhehackgr oxprli 8xhEEi tedpa i 1] anteereh@l i Ccoloristic
greéni sh col our which, when the knife-coated specinen
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ch@he&u&blcamqynﬁﬁfgmmﬁﬁ ofhudfe sanmeekChm xdagee at the
1%% %dl& %nnof F ged silica, these inventive

plgne S exNioi"ted 3U| &%di fferent coloristic

properties. They gave the inpression of distinctly

nmore nmetallic and brighter hues in each case at the

different viewing angles.Clains : 1 . Liquid-crystal

nonol ayer conprising a threedi nensionally crosslinked,

chol esteric liquidcrystal m xture and nanoparticles .

2 . Liquid-crystal nonolayer according to Claim1l ,

characterized in that the nanoparticles are sel ected

fromthe group consisting of netal



oxi des, iron oxides, magnetic powders, zinc oxide,

carbon bl acks, graphites, funed silicas, fluorescent
w@L@emeds¢ phosphorescent pignments, netals, nmeEPEI/EP2005/056260

all oys and chromatic pignmen¢s or mxtures thereof. 3 .

Li qui d-crystal nonol ayer according to Claim1l or 2,

characterized in that the nanoparticles have not been

surface-treated. 4 . Liquid-crystal m xtures according

t €ledmsgf Clains 1 to 3 , characterized in that they

conprise A) 0.01 - 50% by wei ght, based on the total

SO|IdS content, of nanoparticles selected fromthe

grloup é@ﬁ@ﬂgrpﬁgséﬁlnet%Pn6%?M%§ iU oG s, @  three-

magnet ld@m@@\@d@h&,lw n0c@é;s§igln16@dbon Dloakseric liquid-
graphi tes, agne I licas, Iun1nes% plgne nts,

f1 uor e ST re SRGs PROPEEEEAC SSgment s, metal s,

netal alloys and chromatic pigments or m xtures

tQereoEﬂgﬁﬁéh%stF%%tSﬁoggl eghtacg8§SQDﬁanEgﬁ &95?& 1,

solids ¢ east one or
t hr ee- @bﬂ@ﬁ@ﬁ@ﬁ&ﬁﬁ@~crb@sl¢ﬁ@ébleth©np6@m@9ﬂﬂbﬂﬁdes are

aver agecgeneradl fardml ackd) g%oﬁ‘ﬂa MEoAZ 14 i3 | bf  metal
whi chYl, Y2 are the sane or ferent and are each a

pol yrrePFiLQﬁlse dfr&?p O%W%xd?ﬁﬂ@%ﬁr? R B ofinc oxide,
nmet hac plrdioa radb@a&:ksepoxwfaﬂm@és, i So@y@aat e 31llcas,
hydr ox Vi n ther.or v ter radlca

e g etaertar tr AP LT b SRR Sginer & Sfents,
f or mul aeCabizn i mewhilchahlogs armrndt eferonefti® t pigheand or
one or Tore Rt Ryl.eae (gr oups

3. Liquid-crystal monolayer according to Claim 1 or
2, characterized in that the nanoparticles have

not been surface-treated.

4. Liquid-crystal mixtures according to one of Claims

1 to 3, characterized in that they comprise

A) 0.01 - 50% by weight, based on the total solids
content, of nanoparticles selected from the group
consisting of metal oxides, iron oxides, magnetic
powders, =zinc oxide, carbon Dblacks, graphites,
fumed silicas, luminescent pigments, fluorescent
pigments, phosphorescent pigments, metals, metal

alloys and chromatic pigments or mixtures thereof,

B) 20 - 99.5% by weight, based on the total
solids content, of at least one or more than one
three-dimensionally crosslinkable compound of the

average general formula (1)
Y'-al-M'-A2-y? (1),

in which



may be replaced by oxygen atons, and ML has the

general fornula -Rl-X1-R2-X2-R3-X3-R4-, Rl, R2, R3, R4
wae@eioag®rd i cal or different dival ent radical s Bel/gR108£056260

fromthe group of -0-, -CO®», -CONH, -CO, -S, -CC,

-CH=CH, -N=N-, -N=N(O)- or a G C bond, and R2-X2-R3

or R2-X2 or R2-X2-R3-X3 may al so be a G C bond, X1,

X2, X3 are_jidentical or different radicals _selected

fronwtﬁérg?oup consi s&Ffig tore 1samepighyféhéergny. and are

cycl ohexyl ene, Bl- , Bdchand/ ofpBA3mestibsiditeut egroup, for
aryl enes or heteroaryl enes_having 6 to 10 atons

nth
aryl ring which may CBREGPRS1%F0 o5 WA oA oo FPaRFYLate
the group consisting o&d@calN @p@xs réﬂlca1821saoﬁénate,
B3-substituted cycl oaj ha 3t car :
atons, and Bl, B2, B3 gg%gg zhtlgé gT d?F%erent vinyl
substituents sel ectedeftem radgealip consi sting of
hydrogen, G - C 20-al kyl, G -C20- alkoxy, G - C20-
al kylthio, £2-C2o0- alkylcarbon¥
20- al kéxycArbonyl , G 2E2CEFRY ﬂﬁ@éoéﬁbdﬁ&#ferQ§¥ rgdicals

-a, -Br, -1, -CN, -Neg, fc@érrylgen@&@tlyl Jfanghiad Kyt H,, in
alkoxy or aIkyIthlo radical s each interyupted t

oxygen, thioether sulP ﬂb?ﬁofle%?e@fbrﬁﬂégggﬁdcﬁ%vﬁ Bxﬁ 20
- 20 carbon and one or more methylene groups

may be replaced by oxygen atoms,

and

M has the general formula
—RI-x'-R2-x2-R3-x3-R!-,

R', R?, R}, R* are identical or different divalent
radicals selected from the group of
-0-, -CO0-, -CONH-, -CoO-, -S-,
-C=C-, -CH=CH-, -N=N-, -N=N(O)- or
a C-C bond, and R?-x?-R® or R?-X? or
R*-X?-R*-X® may also be a C-C bond,

x', x?, x3 are identical or different radicals
selected from the group consisting
of 1, 4-phenylene, 1,4-
cyclohexylene, B'-, B?- and/or B*-
substituted arylenes or
heterocarylenes having 6 to 10 atoms
in the aryl ring which may contain
1 to 3 heterocatoms from the group
consisting of O, N and S, B'-, B’-
and/or B -substituted cycloalkylenes

having 3 to 10 carbon atoms, and

B', B?, B® are identical or different

substituents selected from the



atons, C) 0.5 to 80% by wei ght, based on the total
solids content, of at |east one or nore than one

we@biosablseonpound of the average general fornul BCT/RP2005/056260

1-A 1-W-Z-W- A2-V2 (2), initwhich V1, V2 are the sane

or different and are each an acrylate or nethacryl ate
radi cal, epoxy radi Ca!;roMbnyéoﬁél‘&Eu‘P(? qffll rh\g)dr%%teq{ Cq-
radi cal, isocyanate radical

C20- a. | koxy, G - C20- afloyRilkivd, G - @E'C%ZIOké)Hi@éWbonylcl C2o-
G -C20 al kyl thiocar bgmuylthw -GG alkPrearbony N, ¢ -

-N&2, fornyl, acetyl, and | koxy or al kylthl
radical's each interr uﬁ%oe&l&?%tcﬁg den, thioet he?l_czo_

sul phur or ester groupt(kahtdhhavangoiyi, 20 -car,bon-F, -C1
atons, or a chol estero}f radical,

def i ned above, W, W %géh Rave Ct‘\ﬁé g@% ff@? §ce<'-:yl
-X F -X R3- ,Rl, R2, ®adaraldach asaélléfbklﬂed Q;ﬂoovélhlﬂblthlo

R2 or R2-X2 or Xi-Re- X3 R3 MRy eaéc‘-‘lp ?ﬁt@rggp{?@ad’byxl ther
X2 are each as defined above and Z is a dival ent

chiral radical from tRA8YgrBup Homsthg§mhgsulphur or ester

di anhydrohexitols, heyesgss pefdosesyidy naphthybo carbon
derivatives, biphenyl ]geri vatives, tartaric acid
derivatives or opticaftFy™active

C) 0.5 to 80% by weight, based on the total
solids content, of at least one or more than one

chiral compound of the average general formula (2)

vi-al-w'-z-w?-a2-v? (2),
in which
v, v? are the same or different and are

each an acrylate or methacrylate
radical, epoxy radical, wvinyl ether
or a vinyl ester radical,
isocyanate radical, Ci-Cyp—alkyl, Ci-
Coo—alkoxy, Ci1-Cyo—alkylthio, Ci1-Cyo-
alkoxycarbonyl, C1—-Cyo-
alkylthiocarbonyl, -OH, -F, -C1,
-Br, -I, -CN, -NO,, formyl, acetyl,
and alkyl, alkoxy or alkylthio
radicals each interrupted by ether
oxygen, thioether sulphur or ester
groups and having 1 - 20 carbon

atoms, or a cholesterol radical,
A', A? are each as defined above,

W, W each have the general formula
—RI-x'-R2-x2-R3-,



glycols and, in the case that V1 or V2 is a

chol esterol radical, is a CC bond. 5 . Liquid-crystal
woneloedpes according to one of Clains 1 to 4 ,PCI/EP2005/056260

characterized in that it hag a filmthickness of 0.5

to 50 mm. 6 . Process for producing a |iquid-crystal

nmonol ayer according to one of Claims 1 to 5,

characterized in that a mxture of three-dinensionally

cross| Bnki Ry dhol est erFe FREU dscrdattidiad amgove and R° or

nanoparticles i s usedri-xolfraiyi-&2fktmohahiLkesse a c-
0.5 to 50 mMmon a supBOEéﬁgand t he t hree-di nensi ona

pol yneri zation of the~l derystal filmis
subsequently carried out. . Process according to

d ainlgﬁhenharacterlzgg Eagstg f?%é?ugsoe and

t hr ee- sionally cross iy ing C errc Tiqurd
crystals and nanoparticles is prepared by adm xing

nanoparticles at a tefperat yigaabaye éﬁfr&ie%%bﬁ%al from
poi nt of the cholesteric liquid-crystal m xture.

Li qui d-crystal nnnola?%? pi grent s9EBHBri sing a compilslng
nonol ayer with a thre@ldhﬂyﬂgbﬁgght&ls, hexoses,

crossl i nked, cholesterlc gU|d c sta ur and . .

nanoparticles . 9 . LPGOFES 3Fyst éﬁgh' B?E?Ebves’

to Cdaim8 , charactebigkdnyh @hauvBNQVﬁBgmmHEt$mNB acid

thickness of 0.1 to 58?9Hb§9§v§sd'Qﬂ?t60ﬁ c%Qé&O 1Q§lee
gt

mm . 10. Liquid-crysta nents accord
or 9, characterized ghY@ﬁ g ene piigmits eawpribat V' or

nanoparticles which have; dragnetd e PEORST ti88icall is a C-
Process for producing cholesteric |iquid-crystal

monol ayer pi gments actoPdPfg to one of Cains 8 to

5. Liquid-crystal monolayer according to one of
Claims 1 to 4, characterized in that it has a film
thickness of 0.5 to 50 um.

6. Process for producing a 1liquid-crystal monolayer
according to one of Claims 1 to 5, characterized
in that a mixture of three-dimensionally
crosslinking cholesteric liquid crystals and
nanoparticles is used to obtain a film of
thickness 0.5 to 50 um on a support, and the
three-dimensional polymerization of the 1liquid-

crystal film is subsequently carried out.

7. Process according to Claim 6, characterized in
that the mixture of three-dimensionally
crosslinking cholesteric liquid crystals and
nanoparticles is prepared by admixing
nanoparticles at a temperature above the clearing

point of the cholesteric liquid-crystal mixture.

8. Liquid-crystal monolayer pigments comprising a

monolayer with a three-dimensionally crosslinked,



10, characterized in that the nonol ayers according to

one of Clains 1 to 5 are used, by neans of a suitable
wee@sioesn2ani t, to produce coarse |iquidcryst al pdT/aR®85/056260

and these are conm nuted wi28h suitable tools to give

l'iquid-crystal pignents and optionally classified. 12

Use ohollg delqul d: criyshaly mno&@yﬁaﬁ accopfifigrd0  ang

one of Clalns 5 as a safet Ing. 13. Use of

t he I|&@P@P@#$§Féﬁsnonolayer pi gments according to one

of Clains 8 to 10 for printed products, for the

producti.on.of paints and |nk for the colourin
et s Ca g PR Ul o e b | A s e e hain

safetyohamhwmgglzeﬁA ise aﬂnxudlngeto;gi@mmmas have a
Charac%%r %%%§§1§H“H ff%% Fpnﬁﬁdagﬁo u%f%PAE%r of 10 to
struct ured inted, optically variable sa
featuré@oth@h have an additional alignment pattern

which is obtainable by applying an external nagnetic
field during the curing phase of a prlntlng I nk

cdfpri ARG idneviskdild Paopsindis dqgirtiqg to Claim 8 or 9,

characterized in that the pigments comprise

I

nanoparticles which have magnetic properties.

11. Process for producing cholesteric 1liquid-crystal
monolayer pigments according to one of Claims 8 to
10, characterized in that the monolayers according
to one of Claims 1 to 5 are used, by means of a
suitable erosion unit, to produce coarse liquid-
crystal flakes, and these are comminuted with
suitable tools to give liquid-crystal pigments and

optionally classified.

12. Use of the liquid-crystal monolayers according to

one of Claims 1 to 5 as a safety marking.

13. Use of the 1liquid-crystal monolayer pigments
according to one of Claims 8 to 10 for printed
products, for the production of paints and inks,
for the colouring of plastics, for the production

of magnetic strips and safety markings.

14. Use according to Claim 13, characterized in that
the printed products are structured, printed,
optically variable safety features which have an
additional alignment pattern which is obtainable
by applying an external magnetic field during the
curing phase of a printing ink comprising the

liquid-crystal pigments.



