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CHOLESTERIC LIQUID CRYSTAL COLORING COMPOSITIONS AND
ARTICLES PRODUCED THEREFROM

FIELD OF THE INVENTION

joant] The present mvention generaily relates to cornposttions suitable for use m
conveving iridescent color to sarfaces and in producing ridescent {ilms, fibers and particles
where the indescent color may be gomochromatic and mechanochromic. The nnovative
composition may be a cosmetie, a paint, or @ personal care product. More particularly, the
composition 1s composed of a cholesteric lgaid crystal coloring agend, a divecting agent and a

solvent system.

BACKGROUND OF THE INVENTION

06621 Iridescent pigments {also described as pearlescent or nacreous) using mica of
other thin platelet-like substrates coated with a metal oxide laver have hitherto been known
and widely ased in plastics, paints, inks, cosmetics, etc. Such indescent pigments exhibit
iridescert color by means of the interference effect of the rellected hght from the surface of
the metal oxide coating layer and the reflected hight from the boundaries of the coating layer
and the thin platelet-like substrates as disclosed m lapanese Patent No. B-43-25644 and
Japanese Patent No. B-49-3824. The indescent effect obtained by these traditional
pearlescent pigments is

generally very weak, resulting i a muted color.

08031 Cholesteric Higuid crystals have been niilized in the cosmetic industry to offer
very bright iridescent color. However, the cosmetics are Houted. For example, cosmetics
consisting of a pure cholesteric Had crysial are generally tacky due to the viscous natwrs of
the igud crystal material. Moreover, these pare cholesteric hquid evystal cosmetics mmpart
color which is very short lived because the skin absorbs the hguid crystal. Also, contact by
another surface resulis i the transfer or smearing of color. Another disadvaniage of using a
cholesteric hquid orvsial is that cosmetic formulations tvpically inclade ingredionts such as
polyvmers, oils, solvents, and waxes {as known to practitioners of the cosmetic arts), which
cause the cholesteric liguid crvstal 1o lose 175 wridescent color effect. Generally, # is believed
that the disruption of the cholesteric hquid crystal phase by the ingredients common in
cosmetic formulations causes the loss of iridescent color and has hmited the use of liquid

crystals in cosmetics to lughly concentrated or pure cholesteric hiquid crystal material.
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[6604] Alternatively, cholesterie fiquid crystals have been used to produce iridescent
pigments which have been incorporated into cosmenies, personal cave products and the ke,
Cholestenc Hauid crystal monomers can be polymerized to provide indescent plastics, also
galled LCPs for Liq uld Crystal Polvmers. These LOUPs can be further processed into fine
pariicles 1o provide widescent pigments useful v cosmetic fornudations such as the gels,
emulsions and creams as desertbed in U1S. Patent Publication No. 2003/0118622, U.S. Patent
No. 6,139,454 US, Patent No. 6,346,237, and US. Patent No. 6,344,154, The synthesis and
processing of these cholesteric liquid crvstal polymer pugments are expensive and tume
consunung, hence simpler and more economical methods for producing indescent cosmetics

and the like are desired.

joaa5] Thevelore, there remains a need for simple compositions which convey lasting
iridescent color to surfaces, for example, cosmetic coatings for keratinous swriaces, or paig

for non-biological sarfaces, which are economical to prepare and easy o ase.

SUMMARY OF THE INVENTION
[6066] In accordance with the objectivey and vthers detailed heremn, embodiments of
the ravention overcome deficiencies associated with the prior art. Itis an object of the
invention to provide homogeneous cholestenic Hquid crystal compositions generally
composed of a cholesteric fiquid cryvstal coloring agent, a directing agent and a solvent
system which are suitable to convey inidescent color to surfaces or can be used {o produce
iridescent articles. The compositions of the invention are simple to formulate with
inexpensive and ofien conmmeraially available components,
[6667] One object of the wvention is directed to the production of the inveniive
composition. It 1s an object of the mvention to provide a cosmetic composition. The
inventive composiiion may optionally include cosmetically. dermatologically,

phvsiclogically, and pharmaceuticallv acceptable additives and active mypradients.

jDas] Another object of the wvention, 1s divected to a paint composition suitable for
son-biclogical surfaces with good adhesion 1o wood, glass, metal ceramics, paper, plastics
and the hike.

[0609] An additional embodiment provides for highly mdescent {ilms and fibers upon

dissipating the solvent svstem of the inventive composition. These fms and bers of

manufacture exhibit attractive color effect properties, for example, perceived color changes
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according to the quality of the lighting, viewing angle {i.¢., goniochromatic), and sheer stress
{i.e., mechanochromaticl.

{08104 Another object of the mvention provides for the production of widescent
particles suntable for use as iridescent pigments in cosmetic, personal care, and paint

formulations,

[0011]
DETAILED DESCRIPTION OF THE INVENTION
jon12] The present fuvention generally relates to a homogeneous composiion having

an effective amount of a cholesteric liquid crystal coloring agent, # divecting agent. and a
solvent system suitable for producing irtdescent films or articles. More spectfically, one
embodiment of the inventive composition is directed o a paint or 8 cosmetic and thelr use in
conveying indescent color to surfiices. A further embodiment is divected to a method for
producing the inventive composition. In ancther embodiment, the inventive conposition
may used to produce indescent fikms and fibers which may be fasther processed (o provide

widescent particles for use m conveying indescent color to a broader range of foroulabons.

0013} One embodiment of the mventive composition is divected to a cholesteric
Tiguid crysial coloring agent that can reflect light in the visible region of the spectram. The
perceived color depends on the viewing angle as described m ULS. Patent No. 4,301 123 and
ULS. Patent Publication No. 2006/0008433. One advantage of a cholesteric hquid orvstal
color colonng agent of the instant ivention is that they provide iridescent color that s not
compromised by the various components which are additionally incloded in the mventive

compositions and products made theraftom.

814 The termo “lHqnd crystal”™ 1s used hereim to refer to material composed of
molecules capable of aggregating o a hiquid crystal phase (known in the art as
“mesogens”). In general, the “cholesteric liguid crvstal™ is any liquid erysial composed of
chiral molecnles. The “cholesteric liquid erysial phase™ (or the “chiral nematic phase™) is
anderstood to have particular and unique color properties. These properties are associated
with the pitch of the helical domains that constitute the cholesteric liquid crystal phase.
Specifically, when the helical domains are of the same order of magnitude as the wavelength
of visihle hight, the cholesterie iguid crystal has the ability to selectively reflect tight by
constructive interference. The hight reflected from the cholesteric Hguid crystal is perceived

to be midescent (£.e., goniochromatic). A cholesteric hiquid crystal also exiubiis a

~
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mechancchronite effect whereby the reflected wavelenpth of Tight shifls inresponse o a

stress, for example, deformation of the bulk matenial.

[0615] The “cholesterse Hiquid crystal coloring agent™ of the yaventive compostion
inchudes at least one colored cholesteric iquid crvstal, fe., a cholesteric hquid crystal that
reflects fight in the visible region of the spectrum at the anbient temperature of use.
Optionally, the cholestenie Hauad crystal coloring agent may be a blend of liqund erysial
varieties including, for example, but not limited to a cholesteryl oleyl carbonate, a cholesteryl
chloride, a cholesterol nonanocate, a cholesteryl dichlorobenroate, or mixtures thereof. In
another embodiment the cholesteric hiquid crvstal coloring agent may optionally inclade a
pigment, & color enhancer, a stabilizer, a preservative, and other active or mactive
ingredients. Non-linuting examples of cholesteric Hauid crystal voloring sgents useful in the
inventive composiiion may be conunercially available as exemplified by the following blend,
product LOB-OR30, composed of cholestervt olevl carbonate, cholestervl nonanoate,
cholestervi chloride, sibica (a brighteming agent), butylated hydroxytoluene (BHT, a
preservative}, D&C red No. 30 alununum lake {3 pirment) and sold under the trads mark
LIQUID CRYSTAL BRIGHTS (Presperse Inc.; NI, USAYL Sinnlar formulations are also
sold under the wademark LIPO CRYSTALS™ {Lipo Chenncals Inc.; NJ, USA).

0016} In another embodiment, the cholesteric liquid crystal coloring sgent of the
mvention mav optionally include a cholesteric iquid crystal that reflecis light i the
wliraviolet region (Le., 1 nanometer 1o aboat 400 nanoneters) as disclosed in U.S. Patent No.
6,159.454 Tn a forther embodiment of the mvention, the cholestenc hquid crystal colonng
agent may include a temperature msensitive cholestenc liquid erystal. Move specifically, a
temperature insensitive cholesterie liquid crystal coloring agent is one that does not
signiftcantly change color in response to moderate fuciuations m temperature, for example in
the range of aboui 20 'C from the average ambient temperature of use. A commercially
available blend providing a temperature msensitive cholesteric hiquid crysial s exemnplified
by the following blend, product ISP ColorFlow™ 104P, composed of cholesteryl oleyd
carbonate, cholesteryl nonanoate, cholesteryl chiloride, red 40 lnke (a pigment) and butylated
hydroxytoluene (BHT, a preservative) sold under the trade name COLORFLOWY (ISP Inc.,
NI USA) A further embodiment of the mveniive composition may have an elfective
amount of a cholesteric Higuid crvstal coloring agent ranging from about S to about 80 percent
by weight, more typically from about to 8 to about 50 percent by weight and especially from

about 12 10 about 40 percent by weight. Tt is this cholesteric luquid crystal coloring agent in
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combination with the other componenis of the composition that provides the unigue color

characteristics of the films (L e, coatings) and articles of the nvention.

{0617} Another embodiment of the inventive composition relates to a directing agent.
The “directing agent” of the invention generally forms a network structure through physical
crosshinks which are attenuated upon dissolving the directing agent inan appropriate solvend.
It 50 dong, the cholesteric Hguid crvstal coloring agent may be homogenously mixed with
the directing agent, Care should be taken (o select a directing agent such that the liquid
crystal colormg agent is not soluble in the directing agent itsell (without solvent) as this
would inhibit the formation of the cholesteric liquid crystal phase. When colored cholesteric
Iiquid orystal coloring agents are mised with a directing agent and a sobvent system, they lose
their novel color effects.  Althoueh not wanting to be bound by theory, it is believed that as
the solvent system dissipates, the physical crosslinks of the directing agent are reformed,
thereby facilitating the assembly of the cholesteric Higuwid crystal phase. Upon reformation of
the cholesteric liquid crystal phase, the novel color properties of the material reappear,
resuiting m a lughly iridescent film or article. A finther embodiment of the divecting agent of
the imvention ncludes, for example, Bock co-polvimers and celfulose dertvatives, such as
cellulose esters and cellulose ethers. A further embodiment of the divecting agent of the
invention includes blends of any of the directing agents mentioned herein or known in the art

which have the desired properties.

3018} in one embodiment, the directing agent of the mvention is a block co~polvmer.
Block copolymers are members of a class of polymers that “microphase separate™ to form
periodic nano- or micro-structures, the dimensions of which are determined by the
dimensions of the monomers chosen for the polymer formulation 8s described in Block
Copoblaners N, Hadpichristidia et al., John Wilev and Sons, Inc., New Jersey {2003}
Generally, the block co-polymers used herein are film forming polymers of multiphase
compasitions where at feast one phase has a material that is bard at room temperature and
another phase has a material that is softer, more ke rubber at room temperatiwe as disclosed
i U.S. Patent Publication No. 200770142521,

019} in a further embodiment, the directing agent of the nvention may be any form
of di-block, tri-block, and mulii-block copolymers that are particularly useful as filoy formers.
Classes of block copolvimers are not lmited o, but include A-B diblock copolymers, A-B-A
iriblock copolymers, A-B-C-riblock, (A-B), multi-block copolymers, or mixtores thereof.

For example, the block copolyvmer having a hard domain or block A {high Tg block) and a
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soil, elastomer domain or block B (Jow Ty block) in the form of an A-B diblock copolymer,
an A~-B-A n-block copolymer, and a multi-block copolvimer stracture {A-B),, 8s well as
branched block copolymers having a structure of (A-B),x (where x represents an » functional
jomil. More specifically, non-Hmiting block copolviners mnclude polvarethane/elastomsr
block copolymers, polvesterfelastomer block copolvmers, polvamideselastomar block
copolymers, polyvethrinude/polysiloxane block copolymers, styrene copolymers olefinics,
melt-processable rubbers, and any combinations thereof. These block copolvmers can
provide elasticity to the product formulated from the mventive composition, The
combination of the hard A block and the flexible B block allows for multiple applications

where it 1s desirable 1o have a pliant yet durable material.

j0820 In particelar embodiments of the invention, the directing agents relating o
block copolyvimers include, but are not limited © styrene-ethylene-siyrene ock copolymer,
styrene-isobutylene-styrene (SIBS) block copolyvmer, polv{sthylene ghvcoli-polvpropylene
glycol-poly{ethviene glycol) (PEG-PPG) block copolvmer, or a combination thereoll
Commercially available embodiments of the directing agent include Pluracare® L 44, 3 block
copotvimer of ethylene glveol and propyvlene glveel, and Pluracarei F 68 NF Prill, 3 block
copolymer of ethylene oxide and propylene oxide. Both of these commercially available
products are sold under the trade name PLURACARER (BASE NI, USA). An effective
amount of a block copelymer directing agent presemni in the inventive composilion ranges
from about 0.1 to about 20 percent by weight, ranging from about 1 to about 10 percent by
weight, and ranging from about 2 to about 3 percent by weight based on the total weight of
the tnventive composition, which is particularly suitable for achieving the desired properties

of the composition and products resulting therefront

[0821] A farther embodiment of the ivention the directing agent 1s a copolymer or a
homopolymer from the class of acrvlate copolymer, silicone acrylkate copolymer,
polvurethane, ete In anothet embodiment the directing agent 15 a strucrturing agent such as
polvamide.

jon22] A further embodiment of the directing agent of the invention includes any
derivative of cellidose, a polysaccharide derived from beta-glucose which can further be
described as an organic polviner of the fornwals (CHwO4),. The versatile chenusiry of these
cetlilose derivatives (also known in the art as cellulosic plastics) permits variations in
molecular weight and bydroxyl functionalities resulting in a broad range of solubility,

compatibility and performance. Useful cellulose derivatives may be produced by the

o6 -
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chemical modification of cellulose, a naturally occurring polviner or a synthetic derivative,
such as for example celtulose ethers and cellnlose esters. The divecting agent that is most
useful is one which does not dissolve the cholesteric liquid crystal coloring agent in the

absence of solvent,

j023] One embodiment of the mvention relates to 8 specific class of cellulose
derivatives, namely 4 cethddose ester, useful as the directing agent of the fnvention. Non-
limiing examples of cellulose esters are of the film-fornuing vanety and include such
malerials as cellnlose mono-, di-, and tri-acetates, mitrocelivlose, cellulose propionate,
cethulose butyrate, cellulose acetate propionate, cellulose acetate butvrate, and others as
known by those of skill m the art. Nitvocellulose 18 particudarly useful m cosmetic
cormapasitions and may be obtained in FDXA approved fonmulations. Nurocellnlose
dispersions sre conumercially avalable in a full ling of transparent color concentrates. An
effective amount of a cellulose ester divecting agent present in the inventive composition
ranges from about 0.1 to about 20 percent by weight, ranging from about 2 to about 1§
percent by weight, and ranging from about 3 to about 10 percent by weight based on the total
weight of the compoaition, which is particularly swstable for achieving the desired propertiss

of the composition and products therefrom,

j06244 A further embodiment s directed to a cellulose ether as the directing agent of
the invention. Non-limiting examples of cellulose ethers include ethyl cellulose, methyl
celtalose, hvdroxyethyl methyl celhdose, hydroxypropyl cellulose, carboxymethyi celhidose,
and hydroxypropyl methyl cellulose, which can be used in the production of celhulose films.
Another embodimuent relates io g cellulose ether directing agent present in the mventive
composition in an effective amount ranging from about 8.1 to about 20 percent by weight,
ranging from about 0.3 {0 about 10 percent by weight, and ranging from abowt | io abom 3
percent by weight based on the total weight of the composition, which 1s particularly suitable
for achueving the desired properties of the composition and products therefrom. The cellulose
derivatives of the mvention are particularty usefud w producing sivong hard films or coalings
that are also durable.

[(825] Another embodiment of the mventive composition, 1s directed 1o the solvent

*oag

svstem. The “solvent system,” “volutile sobvent system,” “volatile solvent” or “solvent,” of
the ivention as used inferchangeably hereln, inchudes one or more volatile solvenis that
effectively dissolve the directing agent and the cholestenic hiqmd crystal colonng agent to

provide a homogenous mixture of the wveniive composition, The volatile solvent dissipates
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from the homogenous mixture when the inventive composition is contacted © a surface to
praduce a film or article exhibiting saperior iridescent color. The use of the concept “to
dissipate” pertaing to any circumstance which provides for the loss of solvent from the
inventive composition and includes for example, to evaporaie, o desicoate, © dry ar to

woncanivate.

[6626] n one embodiment, the solvent system is volatile inthat the solvent or
mixture thereol evaporaies or otherwise dissipates relatively quickly. e, about R0% of the
solvent has dissipated in roughly less than 30 minutes upon application of the composition 1o
a surface or otherwise cast. The volatile solvent taken in tsolation has a vapor pressure at
room temperature and standard atmospheric pressare {760 mmHe), ranging from 107 0 300
nunHg. The volatile solvents of the solva system generally have a boiling point below
about 250 "C, preferably having a botling poind less than about 200 "C and less than abowt
175 "C but not lower than at standard atmospheric pressare. Non-limiting examples of
volatile solvenis useful in the inventive compositions desenbed hervein include aliphatic,
olefinic and aromatic hvdrocarbons which may be hinear, cyclie or branched, chlormated
hydrocarbons, ketones, acetates, ethers, chioroform, alcohols, esters, as well as sthicons or
amide based organic solvents. Useful solvent systems are those that dissolve the cholesteric
liquid crystal coloning agent and the directing agent of the inventive composition forming a
homogenous mixture. These solvents are volatile in that they evaporate quickly upon

application of the nventive composition to biological or non-biological surfaces.

8271 in g further embodiment of the inventive composition, the effective amount of
solvent, including solvent mixiures as set forth above, necessary (o ensure an gcceplable
product viscosity (¢, ease of applying without runing} depends on the nature of the solvent
and the nature of and amounts of the other ingredients, such as, m particular the higuid orystal
coloring agent, directing agent, film fornung ingredients, plasticizers, thickeners, solids,
tackifying resing and the like. The effective amount of volatile solvent may be readily
delermined by routine experimentation. In general, however, effective amounts of solvent i
the solvent system suitable for the purpose of this invention range from about | to about 90
percent by weight, abont § to about 80 percent by weight and about 10 o about 70 percent by
weight based on the total weight of the composition.

[6628] Solubility parameters provide a numerical method of predicting the interaciion
between materials, such as bquids and polymers. They are useful n deterroining the

sutiability of polvmers for particular applications and in formulating puxtures of solvents for



WO 2009/079546 PCT/US2008/087132

specific purposes. One of ordinary skill in the art can determing the solubility parameters and
choose g solvent based on the directing agent chosen for the epvisaged apphication.

Solubility parameters and solvents useful in processing specific directing agents of the
invention, for example, block co-polvmers and cellulose derivatives, are {ypically mcluded in
specification sheets available from various mamufacturers of block co-polvmers and cellulose
derivatives. Additional information about polvimer solability parameter concepts is presented
in, for example, the Encyelopedia of Polvmer Science and Technology, Vol. 3, Interscience,
New York {1963) and the Enevclopedia of Chemical Technology, 2 Ed | Interscience, New
York (19713

0829 As will be anderstood by those of skill in the art, the solvent and solubility
conditions niay be altered in order o prepare s composition and film or article of
manufacture which bias the desirad properties. As will be further appreciated by the skilled
practitioner, the solubility parameters can be approximated by the formalas as known in the
art depending on parameters. such as the properties of the cholesteric liguid erystal coloring

agent, directing agent, selected volatile solvent system, and any additional ingredisnts.

[0636] inan another embodiment, the mventive compostlion is a cosmatic, a paiat, 3
pevaonal care product, or a pharmacentical formulapon comprising an effective amount of 2
cholesteric hquid crvsial coloring agent, @ divecting agent, snd 8 volatile solvent systemn
which are mixed unii homogeneous and then applied o a surface resuliing in an indescent
film (e, a coating). Preferably, the solvent system evaporates al a rate that allows the
formation of an widescent film. The skilled artisan can determine the effective amount and
type of cholesteric hiquid crystal coloring agent, directing agent, and soivent systemn. The
desired properties of the resulting film, when applied to a surface depend on the application
and desired degree of durability, Oexibility, applicability, wearability, uniformuty, shean or
eloss, adhesion, water and ol resistance, transfer resistance, and abrasion resistance,
preferably m the absence of mriiation when applied to the skin, for example. The type and
affective amount of the various componenis of the mventive composition useful m a stable
cosmetic or pharmaceutical product may be easily determined by the skilted artisan. Not
only does the inventive composition have sufficient stability in its homogeneous state, but
also as a resulting film to enable effective commercialization of the finished product,

cosmetic, coating, or pharmaceutical.

[0631] In a further embodiment of the invention, the composihion is 4 cosmehic

formulation which imparts an iridescent color for making up the skin, hair, nails and the like,

e
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or their synthetic counterparts, for example, but not limited to, the formulation of 3 mascara
{Table 3 of the instant specification), a nall polish {Table 2 of the jnstant specification), 4 har
coloring, an eve shadow, an eve hner, a blugh, & foundation, a hpstick, 8 lip-gloss, a
decorative skin pamt, and the hike. In various embodiments, the present mvention relates to
cosmetic methods of applying the composition for creating an widescent effzet, making wp
and caring for the skin, mucous membranes and the integuments. One embodiment of the
invention relates to cosmetic formulations which, i addition to the composition of the
mvention, include additional ingredients known o those of skill in the art to produce a
makeup composition with the desired properties for a particular application, for example,
such as thickening agents, emollients and the like, in an amount that also provides the desired

properties of color and indescence,

{3032 Another embodiment of the invention 15 a nail polish, which emiploys the
composition of the invention and produces highly indescent films and exhibits good
adherence 1o keratin surfaces, such as finger and toe nails. The nail pohsh using the

coniposition of the invention may also provide a bright and lony lasting iridescant color.

{0633} Another embodiment of the invention is a mascara, which employs the
comaposition of the mvention and prodoces highly iridescent filus and exiubils good
adherence to keratin surfaces, such as eyelashes. Mascaras using the composition of the

mvention mav also provide brighter indescent color, and improved cosmetic propertias.

j0034] Yet another embodiment of the invention is an eveliner. Eyeliners employing
the eomposiiion of the ivention may provide brightly inidescent color of high stabulity and

adherence to evelid tissue.

[0035] Another embodiment is a make-up composition for the lips employing the
composttion of the mvention which provides a homogeneoys film that has a bght texture and
remains comiortable {0 wear throughout the day. The preferred lip make-up, sach as for
example, a hip stick or a lip gloss, which 13 not tacky or sticky, and provides a bright
iridescent and mechanochromie sheen to the Hip surface.

j0a36] In yet another embodiment of the invention, the composition 1s an indescent
paint saitable for producing a film, {i.e, a coating) which conveys wridescent color to
surfaces. Prelerably the paint composition of the invention 1§ water imsoluble and has good

adhesion to wood, glass, metal ceramies, paper, plastics snd the ke, Non-Hmiting examples

- -
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of particular embodiments nclude an automotive paint, an mdusinial paint, a decorative paint

and the like.

0637} The packaging and appheation device for any embodiment of the invention is
chosen and manufaciured by persons skilled i the art on the basis of their general knowledge
and adapied according to the nature of the composition 1o be packaged. Moreover, the type
of device to be used may be in particular linked to the consistency of the composition,
pariicular to 1S viscosiy; Hmay also depend on the nature of the constituents present i the

composition, such as the presence of volatile compounds.

[0638] One embodiment is divected to @ method of producing the inventive
composiion comprising mixing a cholesteric higuid crystal coloring agent, a divecting agent
and g suitable solvent system until a homogencous mixture results. The order of addition of
the conponents of the mventive composition 15 not a crucial aspect of the mvention, the
essential aspect 15 that a homogeneous mixture of the inventive composition is obtained. For
example, i one embodiment, a directing agent i3 dissolved i a solvent system and mixed
until homogeneous, A cholesterie hiquid crystal coloring agent s added to the directing agest
mixture and further mixed, resulting in a homogeneous composition suitable for conveying
irdescent color 1o surfaces or for producing iridescent arvticles, for example, suchasa

transferable film, fibers and particles.

06394 Another embodiment is directed to a method of producing an idescent llm,
comprising mixing a cholesteric Hauid crysial coloring agent, g directing agent and & suitable
solvent system until a homogeneous composition is produced. The homogeneous mixture i3
then applied 1o a surface and the solvent is dissipated, theveby producing the tridescent film

{i.e., coating} of the mvention.

[0040] A further smbodiment provides a method of applying the inventive
composition fo a sarface, Non-limiting examples of the application welude application by
pouring, brushing, dnpping, spraving, painting, aiw brushing, spin coating, lanmingting,
stamping, smearing, or rubbing and any other method of applying such that the mventive
composition s deposited upon a surface. After a period of tine sufficient for enabling the
solvent {o dissipate, the film produced has a bright colored midescence. Moreover, the
resuliant film has the novel color effects of bemg highly mdescent and may be

goniochromaiic, and mechanochromic.

- 1l-
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{0041} Another embodument relatgs o an iridescent {ilm of the invention, comprising
an cholesteric hquid orystal coloving agent and a directing agent. Desired films produced by
the inventive compositions are water insoluble, can be processed at room temperature,
provide good adhesion to biclogical and non-nological surfaces, such as for example, the
skin or nails, and are tack free. It s also desired that the nventive composition be compatible
with the other mgredients in the composition and that the resulting fibm or coating 1s highly
iridescent. I n one embodiment, the film is transferable from one surface, for example, the
surface of manufacture, {o another surface, for example skin, where the transferable filnt is in
the form of a sticker, a temporary tattoo, a body art, a wound healing strip, a
pharmacentically or biclogically active delivery strip, and the hike. Further embodiments of
the transferable film of the mvention include an effective amount of 3 cholesterie Hqud
crystal coloring agent ranging from about 42 to about 94 percent by weight and comprising a
directing agent ranging from abont 10 1o aboot 58 percent by weight. The properties of the
film may be adjusted as necessary according to the particular apphication so long as the

iridescent filny is widescently colored.

{0642} Another emhodinrent relates to indescent fibers of the invention, comyprising a
cholesteric hquid orystal coloring agent and a directing agent produced by extrading the
mventive composition to form indescent fibers upon dissipation of the solvent. The
iridescent fibers are switable for use i mascara formulations as described in ULS, Patent
Publication No. 2006/0128578 which enables the lengthening of the evelashes and conveys

iridescent color to the surface of the eye lashes.

[0043] A further emabodiment provides a method for producing iridescent particles
from an iridescent fitm or {iber of the invention by processing the ridescent filin o fiber to
produce widescent particles suatable for use as pigments. Processing the iidescent film or
fiber of the mvention includes chopping, cutting, milling, pulvenizing or otherwise reducing
the film or fiber 1o small particles sustable for use as widescent pipments 1, for exaaple
cosmetics, personal care products, or painds. The particles may be utilived in many different
mediums, including a topical Hand, a gel, a foam, a cream, a lotion, a semi-sohd. The
iridescent pigments may be used i products, sach as but not limited to, sun care, skin care,
hair care products (shampoos, conditioners, hairspray, mousses and dyesicolorants), personal
care prodacts, a pharmaceutical, a medicinal formuation or 1 color cosmetics such as a

mascara, a nail enamel, a lip colonng product, a Hp gloss, a foundation, an eve makenp and
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the like. The iridescent particles may be particularly useful in powdered cosmetic producis,

such as but not Hmited 1o an eve shadow, a blash, a e powder, and an eyveliner.

j0644] Another embodiment of the invention 1s divected to usefuld properties of the
colored tridescent films, coatings, or articles. The mventive compositions produce Hlms,
coatings, or atticles that are water resistant, which is spectfically useful in products where it
1s desirable to minimive the washing off of active or functional ingradients. Sweat- and
water-resistant producis are particularly useful m sun products and mascaras. particularly
after exposare {0 {reated swimming pool water, {resh water, and ocean water. The final
product is smudge resistant and does not {lake while mamtaining a long lasting iridescent
color. The final products may alse provide a morstare barvrer thereby retarding dehydravion
of the skin by forming an occlusive filnr and providing for the sbisorption of some of the
cholesteric hquid crvstal coloring apent useful in treating devoess and scaling of the skin,

although not in amounts sufficient to change the widescent quality of the film coating or

article.
[0845] Other non-himtting properties inclade a final product that 15 o1l resistant,

abrasion ov rub resistant, transfer resistant, flexible, non-tacky, glossy, durable, and adhesive.
The film, coating, or article final product is also capable of binding and/or delivering one or

niove active componets, such as, but not limited to, 8 colorant, a dyve, an ultraviolet absorber,
a moisturizer, a biologically active agent, an insecticide/pesticide, and an orgamc of MOIRMMC

active agent.

jiD46] in one embodiment, the inventive compositions may produce 8 film barrier
between the skin and the environment, where the film 15 indescent and mechanochromic and
changes color with response {0 any stress on the {ilm or on the skin to which the {ilm s
adhered. The Gim oy contam the active and/or fanctional merediends, such as for example,
ingredients to promote the healing of wounds or for topieal treatment of dermatological
condittons. In general, hguid crystal compositions are known 1 the art to be excellent
delivery agemns as described in ULS. Patent No. 5,891 843, and in this regard, the iridescent
film formed by the inventive composition can enhance the delivery of active or functional
mgredients.

{0047} A further embodiment of the inventive composiiion is applied 1o the skin

forming a film ncludes lotions such as sumtan lotion or sunblock. Qualities such as the SPF

and UV light protection may be enhanced by the use of cholesteric liquid crystals which
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reflect hight i the UV region of the specirum in the inventive composiiion, Lotions
emploving the composition of the invention may provide additional protection due to the
selective reflection of Helt 1 the U'Va and UVb regions of the spectrumm. Other formulations
that provide LIV lght protection, such as but not limited to, powdears, gels, mcusses, forms

and creams, arg also envisioned.

j0048] in yet another embodiment, the composition of the wvention may include any
additional coloring agents. Coloring agents that may be used m the practice of the mveniion
may inchude pigments, lakes, and dyes which are well known m the art and are disclosed in
the Cosmetic Ingredient Howthook First Edition, J. M. Nikitakis, et al, Cosmetic, Tolletry,
and Fragrance Association, Washington DC, 1988, These additional coloving agents ave

usetul i enhancing the resultant indescent color, or merely (o expand the range of avalable

colors,
049 A prgment 13 understood to mean morganic of prganie, white or colored

particles. Non-limisting examples of uselnl organic pigments include FD&CT dyes, D&C dyes,
including D&C Red, Nos, 2, 5, 6,7, 10, 11, 12,13, 30 and 34, D&C Yellow No. 5, Blue No.
1, Violet No. 2. Exemplary morganic pigments include, but are not hinsited to, metal oxides
and metal hvdroxides, sach as magnesiom oxide, magnesium hydroxide, calciam oxide,
calcium hydroxides, aluminum oxide, aluminum hydroxide, iron oxides (FeyOy. Fez Q4 FeO),
red iron oxide, yvellow iron oxide, black iron oxide, iron hydroxides, Glanium dioxide,
fitanium lower oxides, xircontum oxides, chromiam oxides, chrontem hydroxides,
manganese oxides, cobalt oxides, cerim oxides, mckel oxides and zine oxides and composite
oxides and composite hyvdroxides such as iron pitanate, cobalt tianate and cobalt alummnate,
Other suitable coloring agents include cannine, nltramarine blue {Le., sodium alumauim
sihicate contaiming sulfur), altramarine green, uliramarine pink, wliramarine red, ulramarine
violet, Prussian blue, manganese violet, bismuth oxychloride, kaolin, tale, carbon black,
mica, sericiie, magnesium carbonate, calctm carbonate, magnesiam silicate, alununum
magnesium sihicate, silica, titanated muca, ron oxide tanated mica, and any other pigment of
treated pigment known in the cosmetic ants. The vartous embodiments of the inventive
composition may opticnally comprise a cosmetically acceptable prgment treated with leaithin
which are smooth, spread well, have a good moisturizing effect, good water repellency and

are especially compatible with the skin.

[0656] In vet another embodiment, the composition of the mvention may additionally

include any additive usually employed in the Held envisaged such as antioxidants, perfumes,

B O



WO 2009/079546 PCT/US2008/087132

essential oils, stabilizers, cosmetic active substances, moisturizers, vitanins, essential fatly
acids, hipophilic sunscreens, liposohible polymers, and especially hedvocarbow polviners such
as polvalkylenes and polyvacrylates for improving smoothness or spreadability, water and ol
resistance, transfer resustance, or other cosmeatic or pharmaceutical properties desired by one
of skil o the art. Non-limiting examples of optionally added ingredients include: thickenimg
agents, for example, clavs, or organoclays, silicas, waxes, preservatives, surfactants,
hectorites, gums and in particular xanthan gum, spreading agents, dispersants, antifoaming
agents, wetting agents; ultraviolet-screening agents, cosmetic or pharmacestical active
agents, and other similar ingredients disclosed in the Internarional Cosmenic Dictionary and
Heandbook Vols. 1 and 2. Eds. Wenninger, 1. A and G, N McEwen, Cosmetic, Tofletry, snd
Fragrance Association, Washington DC, 2000, 1If the sofiness and elasticity of the
composition are to be increased still further, it ts also possible to add a plasticizer which is
commonly added for cosmetic materials. Suitable materials may inchude both low~-molecular
weight and also high-molecular weight plasticizers which are optionally used. dissolved ina
volatife co-solvent. The properties of the resulting film, coating, or article produced by the
mventive composition should not be compromised by the addition of these mgredients.
These additives are gevnerally added for the purpose of comfort to the wearer in for exanmiple

cosmenc formulanons,

joO51 The contents of all patents, patent gpplications, published PCT applications
and articles, books, references, reference manaoals and abstracts cited herein are heveby
meorporaied by reference in thewr entivety to move fully describe the state of the ant {o which

the tnvention pertains.

[0652] As various changes can be made in the above-described subject matier without
departing from the scope and spitit of the present inveniion, # is inlended that all subject
matter contained in the above description, or defined i the appended claims, be interprefed
as descriptive and iHustrative of the present mvention, Many modifications and variations of

the present invention are possible inn ight of the above teachings.
EXAMPLE |
jODS3| The tollowing example describes specific aspects of the invention to finther

tlustrate the invention and provide a description of the present methods oy those skilled in

the art, The example should not be constraed as liniting the invention, as the example
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mgrely provides specific methodology usefid in the understanding and practige of the

fnvention and s various aspects.

[0654] All fornulations presented 1 the following three tables, with the exception of
the control samples as indicated in Table 1, were prepared according to the following
procedure. The directing agent was dissalved in the solvent system and mixed at room
temperatare untif homogenous, roughly 40 mins. The cholesteric hiquid ovystal coloring
agent was added to the mixture and again mixed thoroughly until homogenous 30 mins. A
film was cast by applving the final mixture across a surface. The {ilm was set aside enabling
the sobvent to dissipate resulting in a brightly iridescent film. The time period for the solvent
1o dissipate depends on the solvent sysiem used. The positive control bisted tn Table s a
pure hquid crystal coloring agent alone. The film was cast as desenbed sbove. The negative
vontrol was prepared by mixing a non-directing copolymer and a solvent whils heating at 90
“Crontt] the mixpae was homogenoas 40 muns. The filmy was cast as described above

resuliing i a non-iridescent filn

Table |, Thin Films Formulations

. Positive Negative
A B { ) ;
comirol control
“holesteric Liqui o - s , . .
Kholestenc Lagud 15% 15% 5% 100%, 15%
Crystal Coloring Agent
Dirscting Apent
Block Copolvimer X & 0 { 0 0
Block Copolymer Y 0 Rl it 0 0
Block Copolymer £ 0 {1 5% 0 {
Non Directing Asent
Copolymer 0 0 ¢ 4] §%
Solvent svstem T7% T% &% £ T
Results
irdescent Yes Yes Yeos Yes No
Mechanochramic color ) - e ) . Orange {0
oo Orange-pink  No colm No color ) \ e
change to sreen chanae chane veltow- No color
white background = = = orange
Mechanochroniic color ) )
SRS Green o Pink to Orange to Red-~orange _
change . e s No color
N blue green green o grean

black hackeround

* All amounts shown are percent by weight of the fornmlation.

b

- -
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D E F G
Chelesteric Liquid Crvstal 15%, 159 1055 158,
Colorine Apent o o ' T
Directing Agent
{eltulnse Ester X 153% HES 0 0
{Cellulose Ester 'Y £ Ry 3% 0
Block copolviasr 2 {3 it {1 2%
Solvent Sysiem 0% T2% 7% 83%
Resulis
Gontochromatic ¢olor Orange o QOrange 1o Orange to Crange to
change White background yellow vellow yellow yellow
Mechanochronme color o . - ; - Vel i
change Yellow to Yellow to Yellow to Yellow to
nange orange orange QrEnge orange

Black backaround
* Al amounts shown are percent by weaght of the formulation.

Table 3. Indescem Mascara Formulations

H H 3
Cholesterie Liguid Crystal ) \ e .
Cholesteric Liguid Crvsia 15% 159, 15%
Colonmne Agent
Addiional Pigments 1% A 1%
Dhrectine Asent
Block Copolymer M 9% 94% 9%
Solvent Svstem 735 75% T5%
Resulis
Mechanochromic ¢color Black i Orangs {no Orange {(no
change White background green change) change)
Mechanochromic color ) . .
‘ Green{ne  Omsmeeto Yellowin
change =

, . change) areen Qrange
Black backeround = = =

* All amounts shown are percent by weight of the Tormulation.
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WHAT IS CLAIMED 18

1. A composition, comprising an effective amount of!
{a) s cholestenic liquud crystal coloning agent;
{b)  adirecting agent; and
{¢}  avolatile solvent system;

wherein the composition is homogeneous.

2. The composition for claim 1, wherew the ratio of cholesteric hguid crvsial coloring

agent fo the directing agent 1s equal o or greater than 1

The composition of clum 1, wherein the cholestene hquid crysial colonng agent

(=

comprises a cholestervt oleyl carbonate, a cholesteryl chiloride, a cholestarol

nonanocate, a cholesteryl dichlorobenzoate, or a combinationsthereof.

posliians oo

4, The composition of claim 1, wherein the cholesteric hguid crvstal coloring agent

reflects visible light.

LA

The compuosition of claim 1, wherein the chelesteric lguid crystal coloring agent

reflects ulivaviolet light,

6. The composition of claim 1, wherein the cholesteric iquid crystal coloring agent is

lemperalure msensitive,

i

The composition of claim 1, wherein the cholesterie Houd orystal coloring agent
farther comprises a pioment, a color enbancing agent, a preservative, a stabilizer ora

combination thereof

8. The composition of claim 1, wheremn an effective amount of the cholesteric liguid

crystal coloring agent ranges from about 5 ~ 80 percant by weight

9. The composition of clamm |, wherein an effective amount of the cholesteric hqud

crystal coloring agent ranges from about & - 30 percent by weight

10, The composition of claim 1, wherein an effective amount of the cholesteric Bquid

crystal coloring agent ranges from about 12 - 40 percent by weight.

- 18-
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The composition of claim 1, wherain the directing agent is @ block co-polvimer,

random copolymer, a cellulose ester, a cellulose ether, or 8 combination thereofl

The composition of clabm 10, wheremn the block co-polymer 15 an A-B diblock
copolyvmer, an A-B-A triblock copelymer, an A-B-C inblock, an (A-B), multi-block

copolvmer, or a combination thereof.

The composition of claim 11, wherein the block co-polymer 15 3 styrene-ethylene-
styrene {SEX) block copolymer, a styrene-tsobutylene-sivrene (S1BS) block

copolymer, a poly(ethylene glycol}-poly{propylene glycoli-poly(ethylene glveol)

{PEG-PPG) block copolymer, or a combination thereof,

The composition of claim 10, wheramn the cellulose ester is a cellulose mono-_ di-, or
tri-acetate, a nitrocellulose, a cellvlose propionate, a cellulose bulyrate, a cellulose

acetaie propionate, a cellulose acelate butyrate, or a combnnation thereof

The composition of claim 10, wherein the celtulose ether is an ethyl cellulose, a
methy! cellnlose, a hydroxyethyl methy! cellulose, a hvdroxvpropyl cellulose, a

carboxyimethyl cellulose, a hydroxypropyl methyl cellulose, or a combination thereof

The commposition of claim 10, wherein the divecting agent ranges from about 0.5 - 30

weight percent.

The composition of claim 10, wherein the diveching agent ranges from sbout 1 - 20

welght percent.

The composition of clum 10, wherein the directing agent vanges from abowt 5~ 15

&

weight percent.

The composition of claim 1, wherein the volatile solvert system comprises one or

more volatile solvents.
The composition of claim 1, wherein the composition is a paint or @ cosmetic.

The composition of claim 19, wherein the cosmetic s a mascara, a nail pohish, a
blush, a foundation, an eveliner, an eye shadow, a lip gloss, a hair colorant, a body

paint or a cosmetic suitable for conveving iridescent color to skin, hair, natls or lips.

AT
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The composition of claim 19, wherein the paint is a decorative paid, an antomotive

paint, or ay mdustrial paint.

The composition of claim 1, wherein an idescent film or an irdescent articlens

formed upon dissipation of the solvent.

A method for producing a composition, comprising:
{a} mixing a directing agent, a cholesteric Higud orystal coloring agent and &
suitable solvent system until 2 homogenous nuxtwre s formed; and

{by  producing & composition suitable for conveying iridescent color to soarfaces.

A method for producing a composition, comprising:
{2) mixing a cholesteric hquid erysial coloring agent with a dissolved divecting
agent unti] a homogenous mixture is formed; and

{b) producing the composition suitable for conveying indescent color to surfaces.

A method for producing a composition, comprising:

{a}  dissobving a divecting agent 1 a suitable solvent system;

{bY  mixing a cholesteric Hguwid crystal coloving agent with the dissolved directing
agent until 8 bomogenous mixtwe 1s formed; and

{c} producing the composition suitable for conveving iridescent color to surfaces.

The method of claim 23, further comprising:
{a} applving the homogenous nuxiure to a surface;
{hy  dissipating the solvent system; and

{c) producing an widescent fim.

The method of claim 26, wherein the homogeneous mixtare is apphed by powing,
brushing, dripping, spraving, painting, air brushing, spin coating, laminating,
stanymng, smearing, rubbing or any other method of applving such that the inventive

composition is deposited upon a sarface.

The method of claim 26, frther comprising:
{2y  processing the indescent il into iridescent pariicles; and

{hy  producing the iridescent particles suitable for use as iridescent pigments.

- 20
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The method of claim 26, further comprising:
{a} exiruding the homogeneous mixture;
{b)y  dissipating the solvent; and

{c} producing idescent fibers,

The method of claim 29, further comprising
{a} processing the inidescent fibers into indescent particles; and

{by  producing the mdescent particles sustable for use as iridescent pigments.

A composition, comprising an effective amount of ridescent fibers or indescent

particles wherein the composition is a cosmetic, a personal care product, or a paiyt,
The composition of claim 31, wherein the cosmetic 11 g mascara of 8 nad polish.

An #ridescent film, comprising an effective amount oft
{a) a cholesteric fiquad crystal coloning agent; and

{by  adiectng agent.
The iridescent fibm of claim 33, whevem the widescent film is transferable.

The iridescent film of claim 34, wherein the iridescent film s a wound healing strip, a

decorative sticker, a temporay tatioo or 3 body art sticker.

The widescent filmn of claim 33, wherein the effective amount of the cholesteric higuid

crysial coloring agent ranges from about 42 -~ 90 percent by weight.

The iridescent Hilm of claim 33, wheremn the effective amouni of the directing agent

ranges from about 10 ~ 58 percent by weight.

A cosmetic composition, comprising an effective amount off
{a}  acholesteric hguid crysial coloring agent;
{b) a directing agent; and

{c} a volatile sobvent system.

The cosmetic composition of claim 38, wherein the cosmetic is a maseara, a nail
polish, a blush, a foundation, an eveliner, s eve shadow, a hip gloss, a hair colorant, a
body paint or any cosmetic suitable for conveving iridescent color to skin, hair, nails

or lips.
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41, A pani composition, comprising:
{a) a cholesterie Higund crystal coloring apent;
{ a directing agent; and

{c} a volatile solvent sysiem.

42, The paint composition of claim 1, wherein the paint is a decorative paint, an

automotive paint, or an industrial paint.

27
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